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Abstract 
 Upon discovery of their prominence in municipal water supplies in the US in the 
1970s, trihalomethanes (THM), a potentially carcinogenic disinfection by-product, have 
been extensively researched. As a result, many THM formation models have been 
proposed in the literature to predict what concentrations are expected under various 
environmental conditions. However, many of the existing THM formation models are 
site-specific or effective only under certain conditions, and therefore cannot be utilized 
universally. This study evaluates the performance and characteristics of 40 existing THM 
formation models by applying water quality data collected from the EPA Information 
Collection Rule (ICR) database. Additionally, this study proposes six new models based 
on a consensus of the existing model predictions. Water quality data for chlorine dose, 
pH, temperature, bromide concentration, total organic carbon (TOC), UV-254, reaction 
time, alkalinity, and residual chlorine was input into each model equally, when 
applicable. Based on mean squared error of predicted THM and observed THM, two 
proposed models performed better than any of the existing models reviewed. Proposed 
models are comprised of measurements of central tendency (arithmetic mean, median, 
and weighted average based on modeling-building sample size) of all existing model 
predictions for a given ICR sampling event. The same procedure was also carried out by 
selectively incorporating each existing model predictions into the central tendency 
measurement based on each existing model's original data ranges, such that predictions 
were only accepted if the ICR sampling event resembled the model-building data for each 
existing model. Finally, the correlation of existing model predictions with observed data 
was shown to increase as a function of parameterization and model-building sample size. 
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Introduction 
The formation of trihalomethanes (THM), a group of disinfectant by-products 
produced during chlorination, has been extensively researched since these compounds 
were found to be almost universally encountered in municipal drinking water supplies by 
the pioneering work of Rook in 1974. Shortly thereafter in 1976, chloroform, the most 
predominant species of trihalomethane, was shown to be carcinogenic in laboratory 
testing by the National Cancer Institute. With this, a wide variety of empirical models 
have been constructed to describe the rate at which and quantity of which THM forms in 
drinking water. Most of the models in the literature successfully predict THM 
concentration in their respective studies; however they generally fail to predict THM 
formation as accurately given water quality data independent of their respective model-
building data sets. This suggests that most of the existing models may only be applicable 
when water quality resembles that which was used in the model-building process.  
 Additionally, it can be shown that approximately half of the existing THM 
formation models systematically over predict while the remainder systematically under 
predict THM concentrations when tested against data from independent sources of water. 
This suggests that while many of existing THM formation models do not accurately 
predict THM formation under independent data, they could collectively provide accurate 
predictions when their collaborative central tendency is considered.  
 With this, this study proposes six varieties of THM formation models based on 
the consensus 40 existing models from the literature. Half of the proposed models were 
constructed by measuring the central tendency of all 40 existing model predictions. The 
other half of proposed models are based on the central tendency of existing model 
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predictions under selective conditions, where predictions are calculated, only when the 
water quality parameters resemble the existing models’ model-building data. The second 
variety of proposed models assumes that existing models are only valid under conditions 
similar to their respective model-building data set. 
 A review of existing models was completed to evaluate and compare the 
characteristics of trihalomethane formation under a wide range of conditions. Models 
constructed based on laboratory experimental results, field studies, and statistical 
analyses of THM formation in databases were considered. Several studies also considered 
formation of haloacetic acids (HAAs), another very common chlorination disinfection 
by-product, but these models are omitted in this study.  
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Literature Review 
Existing Model Forms 
 
 Throughout the literature, predictive models for THM formation are presented in 
many different forms. Usually, models are constructed based on the relative impact of 
measurable physical properties that influence DBP formation. Generally, this includes 
concentrations of constituents that are known to influence THM formation potential, time 
of exposure, and sometimes temperature and pH of water. Overall, most empirical 
models follow the mathematical form that has been used by the EPA’s Water Treatment 
Plant Simulation Program (Singer 1994) shown in Eq. 1 below 
 
𝑇𝑇𝐻𝑀 = 0.00309[(𝑇𝑂𝐶)(𝑈𝑉254)]0.440(𝐶𝑙2)0.409(𝑡)0.265(𝑇)1.06 
             × (𝑝𝐻 − 2.6)0.715(𝐵𝑟 + 1)0.036 Eq. 1 
 
  
where TOC=total organic carbon (mg/l), 𝑈𝑉254=UV absorbance at 254 nm (cm-1), 𝐶𝑙2= 
chlorine dose (mg/l),  𝑡 =time (hrs), 𝑇 =temperature (°C), and 𝐵𝑟 =bromide ion 
concentration (mg/l).  
 Other models are based strictly on measured kinetic parameters or THM yield 
coefficients or include a combination of the aforementioned parameters with kinetic or 
yield coefficients in some way or another. Gang et al. 2003 proposed a kinetic THM 
formation equation (Eq. 2) based on a yield coefficient that quantifies the amount of 
TTHM formed per unit of chlorine consumed. 
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𝑇𝑇𝐻𝑀 = 𝛼𝐶0[1 − 𝑓𝑒−𝑘𝑅𝑡 − (1 − 𝑓)]𝑒−𝑘𝑆𝑡 Eq. 2 
 
 
where 𝛼=TTHM yield coefficient, 𝐶0= initial chlorine dose (mg/l), 𝑓=fraction of chlorine 
demand attributed to rapid reactions, 𝑘𝑅 =first order rate constant attributed to rapid 
reaction (hr-1),  𝑘𝑆=first order rate constant attributed to slow reactions (hr
-1),  and 𝑡=time 
(hr). 
  Adin et al. 1991 presented a predictive THM formation relationship that has a 
much different mathematical form than the majority of the existing models. Here, a 
general relationship was derived based on a hypothesized mechanistic model of THM 
formation. The relationship is based on the kinetics of each step in a four-step reaction 
sequence where kinetic parameters for each are fitted to experimental data. The final 
expression is shown in Eq. 6. 
 
𝑇𝐻𝑀 = �4.75𝑒𝑥𝑝 1.14×103[𝐶𝑙2] �𝐴0𝐾1𝐾2 × � 1(𝐾1+𝐾3)(𝐾2+𝐾4) + 1𝐾1+𝐾3−𝐾2−𝐾4 ×
�
1
𝐾1+𝐾3
𝑒−(𝐾1+𝐾3)𝑡 − 1
𝐾2+𝐾4
𝑒−(𝐾2+𝐾4)𝑡�� − 103(exp (1.5 × 10−3[𝐶𝑙2]) ×52𝐴02/[𝐶𝑙2]2  
Eq. 3 
 
 
where 𝐾𝑛=reaction rate constant for the n
th step, 𝐴0=concentration of organic precursors 
(mg/l), and [𝐶𝑙2]=chlorine dose (mg/l). 
 In general it was not observed in this study that certain mathematical forms of 
models outperform others in their ability to accurately predict THM formation. Models 
that are very highly parameterized do not necessarily provide more accurate estimations 
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of THM formation than do less parameterized equations. In fact, of all existing THM 
formation models, the best data-fitting model in terms of correlation with its specific 
model-building data set (r2=0.995), uses only water temperature, pH, and a spatially 
defined parameter denoting whether the THM concentration be calculated “near” or “far” 
from the water treatment plant (Garcia-Villanova et al. 1997).  
 
Existing Model Data Sources 
 
 With some exceptions, models that are based on data collected with laboratory 
scale studies generally yield statistically significant results but fail to incorporate some of 
the variables that may characterize the distribution system. On the other hand, THM 
formation models that are based on field data may be better suited for guiding decision 
making. Overall, the average r2 values for models based on field studies and models 
based on lab scale studies were 0.825 and 0.920 respectively. Models that used existing 
databases such as Information Collection Rule (ICR) and other EPA databases that 
monitor THM formation had lower statistical significance, with r2 = 0.752 on average.  
 Field-scale models tend to have more variability as most of them are designed to 
predict THM formation in more heterogeneous scenarios. Raw water samples have been 
collected from a variety of locations with a range of concentrations of natural organic 
matter (NOM), bromide, pH, and temperature. Additionally, field scale models have been 
constructed based on several different types of water sources including rivers, reservoirs, 
and groundwater/surface water mixes. Models have been formed from field data in 
several different regions representing a variety of climates.  Although field-scale models 
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may not be the most precise predictive tools, they provide insight into the possible range 
of THM formations and may be more applicable for decision-making. 
 In general, models developed from laboratory studies tend to yield higher 
correlation. Laboratory-scale model development also provides more control over 
experimental variables. Most significantly, laboratory-scale data collection of THM 
formation provides control over reaction time whereas field data is susceptible to 
variability in reaction time. Determination of residence time in water treatment plants can 
be difficult and becomes extremely complex when water distribution networks are 
considered. Additionally, laboratory-scale experimentation and model development is 
less costly and requires less capital (Rodriguez 2004). 
 Conversely, laboratory-scale models generally fail to incorporate water 
distribution system characteristics affecting THM formation. Factors such as contact with 
distribution pipe walls and effects of distribution pipe corrosion are generally more 
adequately represented in field-scale studies. Interactions with biofilms in distribution 
pipes are also more likely to be represented in data collected in field studies (Rodriguez 
2004). 
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Table 1: From Rodriguez 2004.  Comparison of lab-scale and field-scale models 
  
 
Existing Model Variables and Parameterization 
 
 Most of the existing THM formation models are based on dependent variables 
that describe the physical properties of the water where THM formation takes place. In 
general, this includes the chlorine dosage and concentrations of various contaminants that 
remain in finished water before being disinfected. Additionally, physical conditions are 
considered such as water temperature and pH. The vast majority of proposed THM 
formation models also include parameters to describe the duration of the chemical 
reactions by considering chlorine contact time directly or indirectly by quantifying the 
distance traveled in a water distribution system. 
 The most common variables encountered in THM formation models are chlorine 
dose, temperature, pH, time, total organic content (TOC) concentration, bromide 
concentration, and ultraviolet absorbance at 254nm (UV-254), season, dissolved organic 
content (DOC) concentration, and chlorophyll a concentration.  Figure 1 below shows the 
overall frequency of variables found in THM formation models where “Organic C” 
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represents the frequency of all variables representing organic carbon (TOC, DOC, UV-
254, and chlorophyll-a). 
 
 
Figure 1: Frequency of variable usage found in the literature in existing THM formation 
models. 
The frequencies of variables that are rarely encountered (less than twice) are included as 
“others” in Figure 1 and are shown in. Understanding the usage frequency of variables 
provides preliminary insight into the most relevant parameters associated with THM 
formation. Variable usage can also be compared with the statistical significance of their 
respective models that can give further insight into understanding how using certain 
variables can provide better predictive models.  
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Table 2: Rarely used parameters found in existing THM formation models 
 
 
 In general, a very low correlation is observed when comparing the amount of 
parameters used in THM formation models to their ability to accurately predict THM 
concentrations. Figure 2 illustrates this relationship by showing r2 values of existing 
models against their respective parameterization. It should be noted however that these r2 
values are specific to each of the model’s data sat and thus do not take into consideration 
the significance of sample size. With this, models based on small sets of data may more 
easily yield higher r2 values while models generated based on large data sets may have 
lower r2 values simply because there is much more data to attempt to show a correlation 
between. This means that, although some models may show low r2 values, they may in 
fact serve as better predictors because they built with and validated with large sets of 
data. 
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Figure 2: Influence of parameterization on performance of THM formation models. 
 
Having said that, it is interesting to note that, while many authors have proposed very 
elaborate, highly parameterized formulations of models, the performance of their models 
in general is no better than models proposed with far less parameters, in terms of model-
building-specific r2 values. In fact a slight negative correlation is observed as models 
become more parameterized. Models performance will again be compared in terms of r2 
values as a function of parameterization in the results and discussion section where r2 
values will be computed with the exact same, large data set for each model. This will 
provide a more meaningful assessment of parameterization. 
 
Existing Model Water Sources 
 
 14 
 The results of experimental procedures leading to model formulation depend 
heavily on the type of source water analyzed. It is desirable to obtain samples of water 
that are representative of finished water from treatment plants that will be subjected to 
chlorination for disinfection. Analysis of such waters provides more meaningful and 
useful results because of the applicability to the overall problem of DBP formation in 
treated water. Alternatively, synthetic water samples can be prepared to closely match the 
characteristics of finished water treated with chlorine leaving water treatment plants. The 
benefit of using synthetic water samples lies in the ability to accurately design the water 
as desired. Raw water samples may provide the most realistic analytes but they are more 
difficult to precisely characterize. Overall, most studies were conducted with actual 
finished water samples rather than synthetic samples. Figure 3 summarizes the frequency 
of usage of various water sources in THM formation model studies.  
 
Figure 3: Frequency of water source usage for analysis leading to THM formation models 
 It will be important to consider all of the water sources previously examined in 
the literature. Typically, THM formation models are constructed to fit a set of data that 
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relates to only one source of water without testing whether the model has predictive 
power under different environmental conditions and water conditions. It is common, 
even, for models to be fitted with parameters that are extremely specific to the associated 
study. Some papers propose models with binary parameters that change based on 
conditions such as water treatment plant sample location, or water distribution sample 
location – parameters that have loosely defined connections to actual mechanisms of 
THM formation (Milot et al. 2000). These site-specific parameters are useful for 
strengthening a model’s fit to data based on a narrow set of environmental conditions but 
most likely make it difficult for the models to be used in other scenarios. Even though 
models formulated with site-specific parameters may be practical for local considerations 
of DBP formation in drinking water, they are less useful in terms of understanding the 
elementary mechanisms of THM formation.  
Description of Parameters 
  
Organic Matter: TOC, DOC, UV-254 
 Organic matter in water is understood to be one of the most important THM 
precursors. To define the organic content in the water, several different parameters have 
been used. Most frequently, total organic carbon (TOC) is used to characterize the 
organic matter existing in the chlorinated water. Dissolved organic carbon (DOC), 
another parameter representing an aggregation of organic constituents in is also 
frequently used throughout the literature in THM formation models. DOC is 
operationally defined as the “dissolved” portion of the TOC that passes through a 0.45μm 
membrane (Rathbun 1996). For most water sources, TOC and DOC concentrations differ 
by less than 5% (Krasner 1995) suggesting that most of the organic content is dissolved 
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and also suggesting that the two parameters can be used interchangeably, with a small 
addition of error (Rathbun 1996).  
 
 
Figure 4: Ultraviolet absorbance at 254nm as a function of dissolved organic carbon 
concentration showing the strong relationship between the two parameters from Rathbun 1996 
 
 
 Organic content in water can also be indirectly characterized by ultraviolet 
absorbance at 254 nm (UV-254). Where TOC and DOC describe the mass or molar 
concentrations of organic content, UV-254 indicates the reactivity towards forming 
THMs of the organic precursor material (Rathbun 1996). The close relationship between 
UV-254 and dissolved organic carbon is illustrated in Figure 4. 
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Bromide Concentration 
 Bromide concentration represents the concentration of the bromide ion in raw 
water sources. This is important in the formation of THM species and the relative 
concentrations of the four species are dependent upon the bromide concentration of the 
water (Rathbun 1996). In more highly brominated waters, concentration of brominated 
organic–halides increase and concentrations of chloroform tend to decrease (Hong et al. 
2007). Figure 5 shows how THM speciation varies at different concentrations of 
bromide. 
 
Figure 5: Speciation of THMs at varying concentrations of bromide ion from Hong et al. 2007 
 
 
Water Temperature 
 The temperature of the water has been found to be significant in the majority of 
the existing THM formation models and is the third most frequently used parameter.  In 
almost all predictive equations, THM formation is positively correlated to water 
temperature where THM formation increases with temperature.  
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 However, it has been shown that there is no linear relationship between water 
temperature and formation of THMs. A , Tc, of 18.97 °C has been proposed, beyond 
which THM formation is negatively correlated with temperature (Garcia-Villanova 
1997).  This phenomenon could be attributed two possible mechanisms: as temperature 
increases, molecular motion and collisions increase between chlorine and THM 
precursors until the Tc is reached. Beyond the Tc, the volatility of the individual species 
of THM (which also increase as a function of temperature) becomes dominant, resulting 
in a net decrease of THM formed (Abdullah 2003). This phenomenon may, however, 
only be important in open systems; most water distribution systems are under pressure 
and thus may be considered closed. 
 
Residual Chlorine 
 In both field and laboratory THM formation studies, the concentration of residual 
chlorine is important. Residual chlorine concentration represents the amount of chlorine 
that has not reacted with organic constituents to form a THM species and remains as free 
chlorine. Residual chlorine is rarely found to be statistically significant enough to be used 
in a predictive equation, but its presence is important from a mechanistic point of view. 
After water is chlorinated, whether in the field or in a laboratory, the concentration of 
chlorine decreases as it is converted into other forms. If a sample is measured with an 
absence of residual chlorine, this means the conversion (into species of THM and other 
chlorination by-products) is complete. With this, the time of reaction completion cannot 
be determined and thus renders the measurement of reaction time meaningless. For this 
reason, the measurable presence of residual chlorine is important.  
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Summaries of Existing Models Used 
 
The follow section includes descriptions of each of the existing THM models that 
were consulted and utilized in the proposed ensemble models. When available, model 
performance metrics reported by the authors, observed versus prediction plots, and 
overall model-building methodology is discussed. Additionally, a summary of all of the 
finalized existing models, in their mathematical form, is prepared in Table 3.  
 
Morrow et al. 1987 
 THM formation models incorporating the effect of bromide concentrations were 
derived based on bench-scale chlorination experiments on finished water and raw water 
samples from twenty major water utilities in East Tennessee. The water utilities were 
specifically chosen for their significant levels of bromide-containing THMs. Using the 
SAS program for nonlinear modeling, three THM formation model variations were 
presented based three iterative variations, Gaussian, Dud and Marquardt, each of which 
converges upon model coefficients differently. The Gaussian convergence method 
defined model parameter coefficients by an iterative method using Eq. 4 
∆= (𝑋′𝑋)−1𝑋′𝑟 Eq. 4 
 
where ∆ is the model parameter coefficient, X is the stacked Jacobian matrix of partial 
derivatives of the residuals, and r is the input vector. Similarly, the Marquadt 
convergence method defined model parameter coefficients with Eq. 5 
∆= [𝑋′𝑋 + 𝜆𝑑𝑖𝑎𝑔(𝑋′𝑋)]−1𝑋′𝑟 Eq. 5 
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 where λ is a coefficient that changes between 10-5 to 1016 until the objective function can 
not be improved. The other variables are defined as in Eq. 4 (Huddleston et al. 2011). 
The Dud numerical method, also known as the Secant Method or the “Doesn’t Use 
Derivatives” method, is similar to the Gussian method except that the derivatives are 
estimated based on results from previous iterations, rather than calculated analytically. 
This method not widely used anymore as automatic analytic derivatives can be readily 
calculated (SAS Institute Inc. 1999). 
 The model derived from the Marquardt iterative method is disregarded here as it 
yielded a model lacking the influence of temperature while temperature was highly 
significant in the other two models. Figure 6 shows the predicted TTHM concentrations 
as a function of the observed TTHM values. 
 
Figure 6: Predicted total trihalomethanes as a function of observed total trihalomethanes from 
Morrow et al. 1987 
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 Total trihalomethane (TTHM) formation models were constructed based on 
bromide concentration, chlorine dose, nonvolatile total organic carbon (NVTOC), pH, 
and temperature. The values of pH and temperature tended to be the most significant 
parameters with percent contributions to the TTHM estimation of approximately 36% 
and 31% respectively. NVTOC and bromide concentrations were also significant with 
percent contributions of approximately 16% and 11.5% respectively. Chlorine dose was 
observed to be the least significant parameter. 
 
Adin et al. 1991 
 A multi-step kinetic model was proposed by Adin et al. at The Hebrew University 
of Jerusalem based on a suggested mechanistic model of THM formation. Here, 
formation of THMs is thought to be a multi-step process where initially organochlorine 
intermediates are formed and are then converted to THMs in a second step. The multi-
step mechanistic model is comprised of a fast and a slow step that agrees with the 
observed convex-shaped plot of THM concentration and humic substance levels.  
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Figure 7: Calculated versus observed THM values from Adin et al. 1991 kinetic THM formation 
model 
 
 The final proposed model is based on chlorine concentration, precursor THM 
concentration, and reaction time with four separate empirical kinetic parameters. Figure 7 shows the final model predicted values versus observed values. 
 Kinetic parameters in the model are based on laboratory produced water samples 
comprised mainly of tap water with lake sediments collected from Lake Kinneret (also 
known as the Sea of Galilee) in Israel.  Lake sediments were used to simulate humic 
substances typically found in raw water sources. As previously discussed, fabricating raw 
water samples and conducting controlled chlorination experiments allows samples to be 
controlled very well, although they usually lack the ability to simulate the influences of 
the distribution system.  
 Although the sample size is relatively low (n=19), the r2 value was very high 
(0.90) between the observed and modeled data points, suggesting that the model performs 
well for its small data set. 
Ibarluzea 1994 
 
 THM formation potential predictive equations were proposed with data that was 
collected from a yearlong field-sampling program in the Añarbe water treatment plant 
and the Añarbe distribution system in the San Sabastian area in Spain. The final models 
proposed are a function of chlorine dose, pH, temperature and UV absorbance. The 
models yield relatively good results (r2 = 0.87 and r2 = 0.79), although they are simple in 
construction. However, these predictive equations do not account for reaction time and 
were constructed with small sample sizes (n = 12). 
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 The proposed models also make use of a mix of pre-treatment and finished water 
parameters. Specifically, model 1 is dependent upon (and was constructed with) finished 
water temperature and chlorine dose but with raw water pH. Model 2 is dependent upon 
(and was constructed with) all raw water parameters. 
 
Chang et al. 1996 
 Several predictive equations for THM formation potential were constructed based 
on a raw water samples collected from the Pan Hsing Potable Water Works in Taiwan. It 
was found that chlorine dosage, TOC, UV-254, and reaction time were significant in 
THM formation. A total of 9 models were generated based on 3 different data set 
collected in March, April, and May of 1995. Three generalized models were then created 
based on all of the observed data (n = 120) with good results (r2 = 0.94 to r2 = 0.97). The 
best of the predictive models is used in this study. 
 Chang also shows that THMs are rapidly at first and then more slowly thereafter. 
This is consistent with the literature that suggests that THMs form in a multi-step process 
consisting of a fast and slow formation phase (Adin et al. 1991, Gang et al. 2003). 
Rathbun 1996 
 Regression equations for THM and nonpurgeable organic-halide (NPTOX) 
formation potential were derived in a 1996 U.S. Geologic Survey (USGS) study based on 
water samples collected from the Mississippi, Ohio, and Missouri rivers. THM formation 
potentials were determined based on pH, initial free-chlorine concentration, reaction 
time, and organic content (described by the UV-254 absorbance).  
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Figure 8: Predicted THM concentration as a function of experimental THM formation from 
Rathbun 1996 
 
 This study observed little or no significance of bromide concentration on overall 
THM formation potential. Although increases in bromide ion most likely redistributed the 
relative concentrations of the four THM species, the variability of the overall sum of 
THMs was negligible with respect to changes in bromide concentration. Additionally, a 
lumped parameter, (DOC)*(UV-254) was tested and shown to be very significant. Here, 
the DOC represents the concentration of dissolved organics and the UV-254 indicates the 
reactivity, in terms of THM formation potential of the dissolved organics. The final 
model however uses only UV-254 to represent the organic constituents, as it proved to be 
a slightly more reliable in predicting THM formation. The final model was tested with 
experimental data and shown to yield a coefficient of determination of 0.985 and a mean 
percentage difference of 5.73% that suggest that the model provides a good 
approximation of THM formation. Figure 8 shows the predicted THM concentrations 
versus the experimental THM concentrations. 
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Garcia-Villanova et al. 1997a 
 Formation of THMs was observed in two conventional water treatment plants in 
the city of Salamanca, Spain. Water samples were collected in eight different locations in 
the treatment train of the two water treatment plants to observe the change in THM 
concentration through the process. 
 Tests for correlation to THM formation were performed with concentration of 
humic acids (in raw water), pre-chlorination concentration, post-chlorination, UV-254, 
pH and temperature. Of all of the parameters studied, only temperature was shown to 
have a clear linear correlation to formation of chloroform with r=0.434513 and P=0.0001 
(n=77).  It was observed that temperature is positively correlated with formation of 
chloroform until a critical temperature (Tc) of 18.97 °C is reached. At temperatures above 
Tc chloroform formation decreases, which is most likely attributed to the increase in 
volatility of at higher temperatures (Abdullah 2003).  The Tc was also shown to be 
independent of pH. 
 
Figure 9: Observed concentration of chloroform as a function of predicted concentrations of 
chloroform from Garcia-Villanova 1997a 
 
 Although only temperature could be clearly correlated to chloroform, a predictive 
model is presented as a function of temperature and pH that has a good fit to the 
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experimental data. Figure 9 shows the observed data as a function of the predicted data 
from the final model. 
 
Garcia-Villanova et al. 1997b 
 A study of chloroform formation in the distribution system of Salamanca, Spain 
was performed as a continuation of research by Garcia et al. 1997a of the formation of 
chloroform in the treatment plants in Salamanca. Data was collected from six sampling 
locations in the distribution system to analyze the formation of chloroform. Tests for 
correlation to chloroform formation was performed with chlorination dose in the 
treatment plants, re-chlorination concentration, distance from the treatment plant (indirect 
measure of reaction time), residual free chlorine, total chlorine, TOC, pH and 
temperature. After statistical analysis, it was observed that pH and temperature 
influenced chloroform formation most significantly. However, chloroform formation did 
not a show linear correlation to temperature alone, but did show linear correlation to pH 
(r=0.665, P<0.0001). 
 As shown in the previous study by Garcia-Villanova et al. 1997a, a critical 
temperature Tc was observed. A slightly lower Tc of 17.30 °C was observed in the 
distribution system. 
 A final empirical chloroform formation model is proposed as a function of 
temperature, pH, distance, and data set year with a good fit to observed data (r = 0.9948). 
The observed data is shown as a function of the modeled data in Figure 10. 
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Figure 10: Observed concentrations of chloroform as a function of predicted values of 
chloroform in the Salamanca, Spain distribution system (Garcia-Villanova 1997b) 
  
The model utilizes a dummy variable for “data set year” which is meant to adjust the 
model predictions to suit one of two data-years. This adds a complicating factor when 
attempting to fit this model to other data sources. Additionally, the model employs a 
binary-type independent variable for distance, D, (indirectly reaction time) with D = 1 for 
“near” and D = 2 for “far”.  This independent variable is also very site-specific in that 
“near” and “far” represents measures of distance from the raw water reservoirs to the 
sampling location in Salamanca, and thus will be difficult to apply to a general empirical 
model that is applicable in many locations. In theory, the distance variable will have to be 
related to reaction time by determining an average linear velocity of flow in the 
distribution system and multiplying by the distances “near” and “far”. 
 The field data collected in the distribution system was then combined with the 
field data collected in the water treatment plants form Garcia-Villanova et al. 1997a to 
create a more generalized model based on the overall system (treatment plant to 
distribution system). The model proves to be a satisfactory predictor for chloroform 
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formation with r = 0.9266. Figure 11 shows the observed values as a function of the 
modeled data.  
 
Figure 11: Observed chloroform concentration as a function of predicted chloroform 
concentration for the overall system (treatment plant to distribution system) from Garcia-
Villanova et al. 1997b. 
   
The model for the overall system (treatment plant to distribution system) is a function of 
temperature, pH and a dummy variable for the specific study year of the data. The 
combined model also yielded a slightly different Tc of 18.74 °C. 
Amy et al. 1998 
 In a 1998 EPA report, Gary Amy and others present many empirical models to 
predict the formation of an array of chlorination and ozonation by-products. Of these are 
multiple TTHM formation models based on data from untreated river waters in the 
United States.  
 Positive correlations were observed between the independent variables 
temperature, pH, chlorine to dissolved organic content (DOC) ratio, reaction time, 
bromide ion concentration and DOC concentration to the dependent variable, TTHM. 
The final empirical model produced for THM formation based on raw water samples 
produced r2=0.90 (n=786) which suggests that the model is an adequate predictor for 
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THM formation. Additional models were proposed for THM formation in chlorinated 
waters that have been treated with alum coagulation that produced r2=0.87 (n=143) and in 
chlorinated waters that have been treated with iron coagulation r2=0.88 (n=143). 
 
Golfinopoulos et al. 1998 
 Finished water samples collected from the Galatsi Treatment Plant were collected 
their concentrations of THMs were measured. With this data set, a predictive THM 
formation model was formed as a function of temperature, pH, chlorine dose, bromide 
concentration, chlorophyll a concentration, and a dummy variable representing seasonal 
variability. The final model proposed is satisfactory with 82% of the predicted values 
falling within 20% of the observed values.  
 Concentrations of constituents in the water were measured before and after 
treatment in the Galatsi Treatment Plant. Regression coefficients based on raw water 
samples (pre-treatment) were used for bromide concentration and pH because of the 
better “adjustment” to the model compared to their treated water counterparts. 
Additionally, coefficients for chlorophyll a are based on raw water concentrations 
because the treatment process eliminated all chlorophyll a. 
 The final model yielded an r2 of 0.98 with n=88, which suggests that the models is 
a strong predictive tool for the data set. 
 
Clark et al. 2001 
 An empirical model was proposed to predict the formation of 12 different DBPs 
including chloroform, BDCM, CDBM, and bromoform. Data used for forming these 
models was collected from experimental work by Pourmoghaddas et al. (1993) with n = 
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17 for chloroform formation and n = 20 for the other brominated THMs.  The final model 
is a function of pH, chlorine dose, bromide concentration, and reaction time. Figure 12 
shows the predicted versus the observed concentrations of the four THM species. 
 Clark shows that DBP and thus THM formation is significantly influenced by the 
concentration of bromide in the raw water. This is reflected in the DBP models in that, 
under typical water quality conditions after chlorination, a large fraction of the TTHM is 
represented by brominated THMs. Additionally, it is shown that brominated THMs 
increases as the concentration of bromide increases in the treated water.  
 
Figure 12: Predicted concentrations of each THM species from Clark et al. 2001 
These models were adapted to provide predictions in terms of THM by converting 
the predicted molar concentrations of chloroform, BDCM, CDBM, and bromoform to 
mass concentrations, and adding to compute the total trihalomethane concentration in 
terms of micrograms per liter. Because these DBP predictive equations are based on 
proposed mechanisms of formation, each individual THM species is modeled with a 
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relatively complex expression. As a result, this adapted THM formation model is the 
most highly parameterized of all of the models discussed in this study. 
Korshin et al. 2002 
 Models for THM species formation potential are derived based solely on 
ultraviolet absorbance at 272nm (UV-272). This varies from the commonly used UV-254 
and will be difficult to incorporate, as most data is recorded in terms of UV-254. 
However, the models formed are very simple and are observed to be strong predictors of 
formation of chloroform and dichlorobromomethane (DCBM) with r2 values greater than 
0.95. Figure 13 shows the correlation of UV-272 and chloroform formation at several 
different pH levels. 
 
Figure 13: Correlation of chloroform formation and ultraviolet absorbance at 272nm from 
Korshin et al. 2002 
 
Abdullah et al. 2003 
 At the University of Kebangsaan in Malaysia, a 2003 study was conducted to 
analyze the formation of THMs in the districts of Tampin, Negeri Sembilam, and Sabak 
Bernam in Selangor, Malaysia. The paper proposed empirical models based on field 
water samples collected from treatment plants and distribution networks from the three 
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aforementioned districts, which suggests the models may be appropriate for modeling 
THM formation in municipal distribution networks.  
 A positive correlation between TOC and THM formation was observed (r=0.380, 
P=0.0001 for Tampin and r=0.478, P=0.0001 for Sabak Bernam). Additionally, a positive 
correlation between pH and THM formation was observed (r=0.362, P=0.001 for Tampin 
and r=0.215, P=0.001 for Sabak Bernam). A slight positive correlation was also observed 
for chlorine dosage and THM formation as well as distance from the treatment plant and 
THM formation. Distance from the treatment plant is considered and indirect 
measurement of chlorine contact time or reaction time, based on the linear velocity of 
treated water in the distribution network. 
 Both linear and non-linear form models were constructed for the districts of 
Tampin and Sabak Bernam. The non-linear models were determined to be slightly more 
accurate based on their respective percentage prediction error. Overall, the models 
provide a fair estimation of THM formation but are subject to variability and limitations 
based on site-specific variability at sampling locations and environmental conditions.  
Gang et al. 2003 
 
 With lab analysis of Mississippi River water samples, Gang et al. (2003) proposed 
three kinetic models to predict THM formation.  Each model was constructed in the same 
fashion with separate sets of experimental data. The models are based on chlorine decay 
and THM formation kinetics as they relate to different molecular weights of fractions of 
organic content in the Mississippi River water. With this, it was shown that as the 
molecular weight of the organic fractions decreased, the THM yield coefficients 
increased. THM yield coefficients ranged from 31 to 42μg-TTHM/mg-Cl2. 
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 The kinetic models are dependent upon experimentally determined first-order rate 
constants for slow reactions, experimentally determined first-order rate constants fast 
reactions, experimentally determined fraction of chlorine demand attributed to fast 
reactions, and experimentally determined THM yield coefficients, all of which are 
constants. Additionally, the models are dependent upon chlorine dose and reaction time. 
 All three models perform well although the data sample sizes are small with 
r2=0.98 and n = 11.  
Sérodes et al. 2003 
 Linear and non-linear THM and HAA formation models were built based on data 
from bench-scale experiments with finished water samples from three utilities in the 
Quebec City area. A six-month sampling program was employed mainly to observe 
seasonal variability of THM formation with varying conditions of temperature, chlorine 
dose, chlorine contact time, and overall water quality. Finished water samples were 
collected from Charlesbourg, Sainte-Foy, and Quebec City from May 2000 to November 
2000. 
 It was observed that disinfection by-products, including haloacetic acids (HAAs), 
were most readily formed during the spring and were most significantly impacted by 
variations in organic precursors and changes in water temperature. Organic precursors 
were measured in terms of TOC, without regard for measurements of DOC and UV-254 
absorbance. It was also observed in one utility that pre-ozonation, instead of pre-
chlorination, was a major factor in reducing the formation of THMs.  
 The average concentration of THMs formed in finished waters form Quebec City 
was significantly higher than the other utilities. Even though the raw water TOC 
concentrations in Quebec City were lower than in Sainte Foy, and despite that fact water 
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samples from both utilities were dosed with the same chlorine concentration, the average 
THM concentration in Quebec City was observed to be 62 μg/l higher than in Sainte Foy. 
The author attributes this phenomenon to the use of pre-chlorination in the Quebec City 
treatment process. THM levels associated with pre-chlorination of raw waters is 
presented as representing about 40% of the average THM formation after a reaction time 
of 48 hours. Samples from the Charlesbourg utility were also treated with pre-
chlorination and yielded THM levels comparable to those observed with Quebec City 
samples. 
 
Figure 14: Predicted levels of trihalomethanes and haloacetic acids as a function of predicted 
levels 
  
 It was found that linear models fit best for the utilities of Charlesbourg (r2=0.78) 
and Sainte Foy (r2=0.56) whereas a nonlinear model fit best for Quebec City (r2=0.89). Figure 14 shows the predicted values of THMs and HAAs as a function of the 
experimental THMs and HAAs observed. 
Sohn et al. 2004 
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 Three varieties of THM predictive models were presented based on data collected 
from EPA databases from 1987 and from Amy et al. (1998). Two models were proposed 
for short-term THM formation based on very low reaction times. Of these short-term 
models, one is “DOC-based” where the major explanatory variable is DOC. The other 
short-term model is “DOC-UVA” based, where the major explanatory variable is the 
product of DOC and the UV absorbance at 254nm. The aforementioned short-term THM 
models are also a function of pH, chlorine dose, temperature, and reaction time, in 
addition to the major explanatory variables. 
 The third model is kinetic in nature, and designed to predict THM concentrations 
with long reaction times. The kinetic model is a function of only chlorine and reaction 
time. All three of these model forms are considered in this study.  
Hong et al. 2007 
 Models for formation of TTHM, total brominated trihalomethanes (TBrTHM) and 
two other individual THMs were constructed based on experimental data from 
chlorinated waters collected from the Dongjiang River, which serves as the main source 
of drinking water for the city of Hong Kong, China. TTHM formation was found to be a 
function of reaction time, chlorine dose, DOC concentration, pH, temperature, and 
bromide concentration (r2=0.87, P<0.0001, n=72).  THM formation was primarily 
governed by the reaction time and bromide concentration.  Figure 15 shows the predicted 
concentration of TTHM as a function of experimentally observed values of TTHM. 
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Figure 15: Predicted concentration of TTHM as a function of experimentally observed 
concentration of TTHM from Hong et al. 2007 
  
 Additionally, bromide concentration was shown to be influential in the speciation 
of THMs such that higher concentrations of bromide-containing THMs were observed in 
waters with higher concentrations of the bromide ion. From here, the relative cancer risk 
of each THM species was investigated and modeled as a function of bromide to DOC 
ratio. 
 
Obolensky and Singer 2008 
 
 Several regression models for formation of disinfection by-products were 
constructed based on Information Collection Rule data. Among these predictive DBP 
formation models was a TTHM model based on water temperature, alkalinity, TOC, UV-
254 absorbance, free chlorine dose, reaction time, pH, and residual chlorine. The model 
was fit based on a sample sizes over 1000 for each of the explanatory variables. For each 
of the models constructed, a cross-validation approach was utilized where approximately 
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half of the data set was used for calibration and the remaining data was used in a 
validation process.  
 
Figure 16: Predicted TTHM as a function of observed TTHM based on ICR data from 
Obolensky and Singer 2008 
 
The finalized model produced a good fit to the observed data (r2=0.707). Figure 16 
shows the predicted TTHM as a function of the observed TTHM in the ICR database. 
 It was shown that bromide and alkalinity played important roles in DBP 
formation. Bromide concentration was shown to be significant in determining the extent 
of bromide substitution in DBPs and speciation of THM, which is consistent with the 
literature. Additionally it was suggested that alkalinity played a role in reactivity of 
organic matter in chlorinated waters. This is the only modeling paper to show that 
alkalinity is significant in TTHM formation.  
  
El-Shafy et al. 2009 
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 A field-study of THM formation in a distribution system in Bohemia, Czech 
Republic was conducted to build predictive models of THM concentration. The study 
also sought to study the connection between chlorine consumption and THM formation in 
the distribution pipelines. The Plav water treatment plant feeds the distribution system 
that spans approximately 80 kilometers in length to its furthest point of discharge. 
Chlorine contact times are based an assumption of plug flow conditions in the main 
distribution pipeline, where residence times vary depending on sampling location down 
the length of the pipe. 
 The final THM formation model is a function of a proposed first order reaction 
constant and reaction time with an r2 of 0.91. The sample size is not reported, although 
the sampling period seemed to span two year with samples being collected at least once a 
month.  
Marhaba et al. 2009 
 Spectral fluorescence signatures (SFS) of dissolved organic matter (DOM) and 
trihalomethane formation potential (THMFP) of raw water samples were used to 
understand the fractionation of organic THM precursors that are typically measured with 
aggregate parameters (DOC, TOC, DOM). Additionally, SFS was used to construct a 
THM formation model. The THM formation model is a function of 5 “principal 
components” determined from the SFS analysis. The final predictive model achieved an 
r2 of 0.8383 with n=38. 
 This model provides a means for water purveyors to rapidly determine the THM 
formation potential of their treated waters with the use of SFS analysis that can be 
completed within minutes of processing time. This model will most likely not be of use, 
however, because it relies strictly on SFS data that will likely not be attainable. 
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Omitted Models 
 
 The following section discusses THM formation models that were reviewed but 
deemed inadequate for use in this study. The majority of the deficiencies are due to the 
unique parameterization of these models. In general, these models are not included in this 
study because the explanatory variables associated with them are not easily accessible, 
study specific, and/or included in the ICR database. With this, these models cannot be 
easily compared to the most other THM formation models and are omitted. 
 Gang presented an empirical model in 2002 that is based on a proposed 
mechanistic model of THM formation. The mechanistic basis for the model assumes that 
there is a multi-step path to THM formation with a rapid reaction step preceding a slower 
reaction step.  This model is omitted, however, because it includes parameters that define 
which portions of the chlorine dose will react rapidly and which will react slowly; 
parameters that are not available for this study.  
Similarly, work by Gallard in 2002 yielded a empirical model based on 
hypotheses of mechanisms and kinetic characteristics of THM formation, where a portion 
of THM is formed first in a fast step, then continues forming in a slow step. 
Differentiating between which THM precursors participate in rapid and slow reactions is 
not yet widely understood. And with this, there is no easy way of extrapolating fractions 
of rapid and slow THM precursors from water quality data provide in the ICR database, 
hence this model is omitted from this study. 
 Another model, proposed by Rodriguez in 2001, included parameters that are 
outside the scope of this study. This regression model for THM formation is dependent 
 40 
solely upon the concentration of existing trihalomethane (THM0) in pre-chlorinated 
water, a parameter that generally not available. 
Villanueva presented a paper in 2003 that proposed an empirical model that 
predicts THM formation based on the concentration of HAAs. This model is omitted 
because HAAs are outside the scope of this study. Additionally, Nokes presented a 
brominated THM formation model in 1999 that serves as a predictor of 
dichlorobromomethane (DCBM), chlorodibromomethane (CDBM) and bromoform. This 
model is omitted from this study because is it does not serve as a predictor for total 
trihalomethanes (TTHM), only brominated THMs. 
Milot presented a THM formation model in 2000 that is omitted from this study 
because is parameterized solely by “dummy” variables. These dummy variables are only 
applicable to the data set and sampling locations used in building this model.  
Marhaba presented a model in 2009 that is based on the spectral signature of 
organic content in chlorinated water. This model proposes a method for rapid 
determination of THM formation potential by use of spectral analysis. It is omitted in this 
study because spectral analysis of chlorinated waters is not commonly measured and not 
included in the ICR database. 
Similarly, Korshin proposed a model in 2002 that predicts THM formation based 
on UV absorbance. This model is omitted, however, because the UV absorbance 
parameter is based on absorbance at 272nm – which is different from the widely accepted 
wavelength of 254nm. 
 Koch proposed a THM formation prediction method is based on the “Simulated 
Distribution System” method that relies completely on experimentation to predict THM 
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formation. This method uses a bench scale distribution system, representative of an actual 
distribution system, to experimentally determine THM formation. This prediction method 
is omitted in this study because the “simulated Distribution System” apparatus is not 
available. 
 A model proposed by Huxian in 1997 is omitted because it is based on 
concentrations of purgeable organic halides (POX) and non-purgable organic halides 
(NPOX). 
 
 
  
Table 3: Summary of existing trihalomethane predictive equations 
Model ID Output Units THM Predictive Model 
Amy et al.; Siddiqui 1998 Raw THM μg/l  0.0412(𝐷𝑂𝐶)1.098(𝐶𝑙)0.152(𝐵𝑟)0.068(𝑇)0.609(𝑝𝐻)1.601(𝑡)0.263  
Amy et al.; Siddiqui 1998 Coag THM μg/l  3.296(𝐷𝑂𝐶)0.801(𝐶𝑙)0.261(𝐵𝑟)0.223(𝑡)0.264 
Abdullah et al. 2003 Tampin Linear THM μg/l  0.155 + 0.017(𝑇𝑂𝐶) + 0.0019(𝑡) + 0.01(𝑝𝐻) + 0.017(𝐶𝑙) 
Abdullah et al. 2003 Sabak Bernam Linear THM μg/l  0.472 + 0.035(𝑇𝑂𝐶) + 0.029(𝑝𝐻) + 0.101(𝐶𝑙) 
Abdullah et al. 2003 Tampin nonlin THM μg/l  𝑙𝑜𝑔[6.777(𝑇𝑂𝐶)1.171(𝑝𝐻)4.469(𝐶𝑙)1.765] 
Abdullah et al. 2003 Sabak Bernam nonlin THM μg/l  𝑙𝑜𝑔[6.243(𝑇𝑂𝐶)1.342(𝑝𝐻)3.952(𝐶𝑙)2.902] 
Adin et al. 1991 THM μg/l 
�4.75𝑒𝑥𝑝 1.14×103[𝐶𝑙] � 𝐴0𝐾1𝐾2 × � 1(𝐾1+𝐾3)(𝐾2+𝐾4) + 1𝐾1+𝐾3−𝐾2−𝐾4 × � 1𝐾1+𝐾3 𝑒−(𝐾1+𝐾3)𝑡 −
1
𝐾2+𝐾4
𝑒−(𝐾2+𝐾4)𝑡�� − 103(exp (1.5 × 10−3[𝐶𝑙]) × 52𝐴02[𝐶𝑙]2      𝑤ℎ𝑒𝑟𝑒,  
 
𝐾1 = 𝑘1[𝐶𝑙] 
𝐾2 = 𝑘2[𝐶𝑙] 
𝐾3 = 𝑘3[𝐶𝑙]2 
𝐾4 = 𝑘4     𝑎𝑛𝑑, 
 
𝑘1 = 4.38 × 10−8 ;  𝑘2 = 11.36 × 10−7 ;  𝑘3 = 7.13 × 10−13;  𝑘4 = 0.19 
 
𝐴0 = 𝑜𝑟𝑔𝑎𝑛𝑖𝑐 𝑇𝐻𝑀 𝑝𝑟𝑒𝑐𝑢𝑟𝑠𝑜𝑟𝑠 (𝑎𝑠𝑠𝑢𝑚𝑒𝑑 𝑡𝑜 𝑏𝑒 𝑒𝑞𝑢𝑎𝑙 𝑡𝑜 𝑇𝑂𝐶) 
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Model ID Output Units THM Predictive Model 
Chang et al. 1996 THM μg/l  12.725(𝑇𝑂𝐶)0.291(𝑡)0.2706(𝐶𝑙)−0.719 
Clark et al. 2001 THM μmol/l 
�𝐴𝑖 �𝐶𝑙 − �
𝐶𝑙(1 − 𝐾)1 − 𝐾𝑒−𝑢𝑡��4
𝑖=1
         𝑤ℎ𝑒𝑟𝑒, 
 
𝑢 = 𝑀(1 − 𝐾) 
𝑀 = 52.46𝑒−0.0325(𝐵𝑟)𝑒0.0145(𝐶𝑙)(𝑝𝐻)𝐶𝑙(−2.32)𝑒8.46(𝑃)𝑒−2.31(𝑝𝐻) 
𝐾 = 6.6(𝑝𝐻)−0.13(𝐵𝑟 + 1)0.10(𝐶𝑙)−0.75 
 
𝐴1 = −1 + 𝑒1.7906(pH)0.584𝑒�−1.545(Br)+0.0454(Br)3� 
𝐴2 = −1 + 𝑒6.2199(Cl)1.7201(P + 1)2.1990𝑒�−2.8759(Br)+0.28(Br)2� 
𝐴3 = −1 + 𝑒5.1293(Cl)1.2856(P + 1)1.9481𝑒[−0.7622(Br)] 
𝐴4 = −1 + 𝑒0.8652(pH)0.8224(P + 1)1.266𝑒�2.3568(Br)−0.3856(Br)2�    𝑎𝑛𝑑, 
 
𝑃 = (𝐵𝑟) � 179.904�(𝐵𝑟) � 179.904� + (𝐶𝑙) � 135� 
El-Shafy et al. 2009 THM μg/l  4.39𝑒0.08(𝑡) 
Gang et al. 2003 (CH3) THM μg/l 30.9(𝐶𝑙)�1 − 0.28𝑒(−1.26𝑡) − (1 − 0.28)𝑒(−0.014𝑡)� 
Gang et al. 2003 (CH4) THM μg/l 38(𝐶𝑙)�1 − 0.36𝑒(−2.48𝑡) − (1 − 0.36)𝑒(−0.018𝑡)� 
Gang et al. 2003 (CH5) THM μg/l 41.9(𝐶𝑙)�1 − 0.34𝑒(−1.91𝑡) − (1 − 0.34)𝑒(−0.013𝑡)� 
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Model ID Output Units THM Predictive Model 
Garcia-Villanova et al. 1997 treatplnt CHCl3 μg/l 𝑒𝑥𝑝[0.810(𝑌) − 0.162(𝑁𝐹) + 0.00047(𝑇)3 − 0.0000204(𝑇)4 + 0.00339(𝑝𝐻)2] 
Garcia-Villanova et al. 1997 Dist CHCl3 μg/l 𝑒𝑥𝑝[0.348 + 0.000588(𝑇)3 − 0.0000233(𝑇)4 + 0.0237(𝑝𝐻)2] 
Golfinopolous et al. 1998 THM μg/l 
13.54 𝑙𝑛(𝑐ℎ𝑙𝑎) − 14.47(𝑝𝐻) + 230.25(𝐵𝑟) − 139.62(𝐵𝑟)2 − 25.28(𝑆) + 110.55(𝑆𝑝)
− 6.59(𝑇 ∙ 𝑆𝑝) + 1.48(𝑇 ∙ 𝐶𝑙) 
Golfinopolous et al. 2002 THM μg/l 
−0.26(𝑐ℎ𝑙𝑎) + 1.57(𝑝𝐻) + 28.74(𝐵𝑟) − 66.72(𝐵𝑟)2 − 43.63(𝑆) + 1.13(𝑆𝑝)+ 2.62(𝑇 ∙ 𝑆) − 0.72(𝑇 ∙ 𝐶𝑙) 
Harrington et al. 1992 THM μmol/l 
 0.00309(𝐷𝑂𝐶 ∙ 𝑈𝑉)0.44(𝐶𝑙)0.409(𝑡)0.265(𝑇)1.06 (𝑝𝐻 − 2.6)0.715(𝐵𝑟 + 1)0.036 
Hong et al. 2007 
  
10−1.375(𝑡)0.258 � 𝐶𝑙
𝐷𝑂𝐶
�
0.194 (𝑝𝐻)1.695(𝑇)0.507(𝐵𝑟)0.218 
Ibarluzea et al. 1994 a CHCl3 μg/l  −90.87 + 0.09(𝑈𝑉) + 13.16(𝑝𝐻) + 0.92(𝑇) − 8.61(𝐶𝑙) 
Ibarluzea et al. 1994 b CHCl3 μg/l  −88.49 + 0.016(𝑈𝑉) + 12.21(𝑝𝐻) + 0.56(𝑇) 
Kohei Urano et al. 1983 THM μg/l  0.82(𝑝𝐻 − 2.8)(𝑇𝑂𝐶)(𝐶𝑙)0.25(𝑡)0.36 
Lou and Chang 1994 THM μg/l  𝑇𝐻𝑀0 + 7.01(𝑝𝐻 − 2.3)0.11(𝑇𝑂𝐶)1.06(𝑡)0.764𝛽 
Malcom Pirnie 1992 THM μg/l 
 0.00309[(𝑇𝑂𝐶)(𝑈𝑉254)]0.440(𝐶𝑙2)0.409(𝑡)0.265(𝑇)1.06 
  × (𝑝𝐻 − 2.6)0.715(𝐵𝑟 + 1)0.036           
Morrow et al. 1987 Gaussian THM μmol/l  −3.91 + (𝐵𝑟)0.15 + 0.23 𝑙𝑜𝑔(𝐶𝑙) + 0.24(𝑝𝐻) + 100.009𝑇 + 0.26(𝑇𝑂𝐶) 
Morrow et al. 1987 Dud THM μmol/l  −3.94 + (𝐵𝑟)0.19 + 0.35 𝑙𝑜𝑔(𝐶𝑙) + 0.24(𝑝𝐻) + 100.009𝑇 + 0.27(𝑇𝑂𝐶) 
Morrow et al. 1987 Marquardt THM μmol/l  −2.42 + (𝐵𝑟)0.15 + 0.24 𝑙𝑜𝑔(𝐶𝑙) + 0.24(𝑝𝐻) + 10−204.5𝑇 + 0.25(𝑇𝑂𝐶) 
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Model ID Output Units THM Predictive Model 
Obolenski  2008 log(THM) μmol/l 
−1.317 + 0.015(𝑇) − 0.0005(𝑎𝑙𝑘) + 0.188[𝑙𝑜𝑔(𝑇𝑂𝐶)] + 0.326[𝑙𝑜𝑔(𝑈𝑉)] +0.291[𝑙𝑜𝑔(𝐶𝑙)] + 0.199[𝑙𝑜𝑔(𝑡)] + 0.087(𝑝𝐻) + 0.167[𝑙𝑜𝑔(𝐶𝑙𝑟𝑒𝑠)]  
Rathbun 1996 THM μmol/l  14.6(𝑝𝐻 − 3.8)1.01(𝐶𝑙)0.206(𝑈𝑉)0.849(𝑡)0.306 
Rodriguez et al. 2000 Field THM μmol/l 1.392(𝐷𝑂𝐶)1.092(𝑝𝐻)0.531(𝑇)0.255 
Rodriguez et al. 2000 Lab THM μmol/l  0.044(DOC)1.03(t)0.262(pH)1.149(Cl)0.277(T)0.968 
Serodes et al. 2003 Charlesbourg THM μg/l  16.9 + 1.139(𝑡) − 1.135(𝑇) + 3.319(𝐶𝑙) + 16(𝑇𝑂𝐶) 
Serodes et al. 2003 Quebec THM μg/l  0.101(𝑡)0.117(𝑇𝑂𝐶)3.914(𝑇𝐻𝑀0)0.335 
Serodes et al. 2003 Sainte Foy THM μg/l  21.2 + 0.499(𝑡) + 2.447(𝐶𝑙) 
Sohn et al. 2004 DOC-based THM μg/l  0.00253(𝐷𝑂𝐶)1.22(𝐶𝑙)0.422(𝑇)1.34(𝑝𝐻)1.75(𝑡)0.34 
Sohn et al. 2004 DOC-UVA-based THM μg/l  0.012(𝐷𝑂𝐶 ∙ 𝑈𝑉)0.47(𝐶𝑙)0.48 (𝑇)1.1(𝑝𝐻)2.38(𝑡)0.35 
2Sohn et al. 2004 THM μg/l  16(𝐶𝑙)(1 − 𝑒−1.19(𝑡)) + 34.7(1 − 𝑒−0.02512𝑡) 
Uyak et al. 2007 THM μg/l  10−0.038(𝐶𝑙)0.654(𝑝𝐻)1.322(𝑡)0.174(𝑆𝑈𝑉𝐴)0.712 
Zhu 1995 UVA-based THM μg/l  0.42(𝑈𝑉)0.482(𝐶𝑙)0.339(𝐵𝑟)0.023(𝑇)0.617(𝑝𝐻)1.609(𝑡)0.261 
Zhu 1995 DOC*UVA-based THM μg/l  0.283(𝐷𝑂𝐶 ∗ 𝑈𝑉)0.421(𝐶𝑙)0.145(𝐵𝑟)0.041(𝑇)0.614(𝑝𝐻)1.606(𝑡)0.261 
Nomenclature: Cl = chlorine dose (mg/l); Br = bromide ion concentration (mg/l); T = water temperature (°C); UV = ultraviolet 
absorbance at 254nm; SUVA = specific UV absorbance; DOC = dissolved organic carbon (mg/l); TOC = total organic carbon (mg/l); t 
= reaction time (hrs); THM0 = initial THM concentration (μg/l); alk = alkalinity (mg/l as CaCO3); S = dummy variable (summer); Sp 
= dummy variable (spring); chla = chlorophyll-a (mg/m3); k1, k2, k3, k4  = first and second order rate constants for THM formation; β 
= dispersion parameter; Y = dummy variable for data set year; NF = dummy variable for near or far sampling location; Clres = chlorine 
residual
Methods 
 
Generalized models for THM formation were constructed based on the 
predictions of 40 existing models from the literature. To accomplish this, two databases 
of predictions of THM formation under various water quality and chlorine dosage 
conditions for all 40 of the existing models were created. The databases were then 
analyzed for outliers, trends in model predictions, and overall existing model 
performance based on mean squared error and R-squared values and graphical analysis. 
After analysis and remove of outliers, generalized models were formulated based on 
averages, medians, and weighted averages. This procedure was carried out twice: first by 
considering all model predictions valid, and then again by considering only model 
predictions when the sampling event water quality data resembled the model-building 
data. 
To record THM predictions from each of the 40 existing models and populate the 
databases, each model equation was converted into Microsoft Excel format. Each of the 
models in Excel referenced a single set cells were water quality parameters could be 
easily input. This allowed for convenient adjustment of water quality parameters to 
instantly produce a new set of predictions from each of the existing models. Figure 17 
shows a diagram of the layout of the spreadsheet where model predictions are generated 
as they reference cells with water quality parameters. 
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Figure 17: Layout diagram of the spreadsheet that generates model predictions of each of the 
40 existing models (Model 1 – Model 40) based parameter values. 
 
Non-selective Calculations 
 
To populate the first database, hereafter referred to as Database 1, predictions of 
THM formation for each of the 40 existing models were recorded for a variety of water 
quality parameters. Water quality parameters were selected and then input equally into 
each of the 40 models to produce a single “set” of predictions. The selected water quality 
parameters that were input into each model will hereafter be referred to as a “sampling 
event”. The “set” of predictions represented the THM estimation of all of the models 
based on the same water quality characteristics and chlorine dosages allowing for easy 
comparison of model predictions at each sampling event. This process was repeated 
many times to produce predictions for all 40 models based on many sampling events, the 
results of which populated Database 1.  
 
Selective Calculations 
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A second database, was also populated based a selective calculation method. The 
selective calculations were produced under the assumption that the existing models are 
only useful under certain ranges of water quality input values. Review of the models in 
the literature revealed that the conditions under which each of the models was generated 
vary widely. Ranges of values for the nine major explanatory variables (chlorine dose, 
chlorine residual, pH, temperature, TOC, UV-254, bromide, alkalinity, and time) found in 
experimental procedures or field samples of water were not consistent throughout the 
literature. Some authors conducted experimentation of THM formation with abnormally 
high chlorine dosages and TOC concentrations (Adin et al. 1991, Rathbun 1996) while 
others measured THM formation with very low concentrations of explanatory variables 
(El-Shafy 2009). With this, some values for explanatory variables may not be applicable 
in certain models because such values were never encountered in their respective data 
sets. It is for this reason that a second database was populated that includes only 
predictions from existing models when the water quality parameters and chlorine dosages 
are within range of their respective model-building data sets. 
For example, consider hypothetical Existing Model X that was built based on data 
collected from field observations at a water treatment plant where chlorine dosage ranged 
from 1 mg/l to 3 mg/l. Next, consider hypothetical Model Y that was built based on data 
collected from laboratory experimentation where chlorine dosage ranged from 30 mg/l to 
50 mg/l. Model X and Model Y are based on drastically different chlorine dose ranges. 
Finally, consider that an estimate of THM formation is sought where the chlorine dose is 
2 mg/l. It is logical to expect that Model X might be a better predictor, because it was 
built based on field observations with similar chlorine doses (ranging from 1 mg/l to 3 
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mg/l) whereas Model Y might be a poor predictor because it was built based on data with 
much higher chlorine doses (ranging from 30 mg/l to 50 mg/l). With this, it may be 
expected that, based on the circumstances (chlorine doses and/or water quality 
parameters) one model may be preferred above another; it is with this convention that the 
selective calculations are based. 
To create the second database comprised of these selective calculations, hereafter 
referred to as Database 2, the variables ranges for all associated parameters used in the 
model-building data sets of all existing models were documented. With this, predictions 
were only recorded in Database 2 when they were associated with data that was 
applicable to each model. In other words, model predictions would not be accepted into 
Database 2 unless the explanatory variables in each sampling event were within the 
model’s applicable model-building data set, from the original modeling paper.  
To relate to the hypothetical example above, predictions are only used from a 
model (Model X and Model Y) if the water quality parameters (chlorine dose) of the 
sampling event is within the range of the model-building data range (in the case of Model 
X, predictions would only be accepted from sampling events that have chlorine doses 
greater than or equal to 1mg/l and less than or equal to 3 mg/l). However, ranges for all 
nine parameters are consulted for compatibility so that predictions would only be 
accepted if chlorine dose, chlorine residual, pH, temperature, TOC, UV-254, bromide, 
alkalinity, and reaction time of the sampling event are within range of the respective 
model’s model-building range of chlorine dose, chlorine residual, pH, temperature, TOC, 
UV-254, bromide, alkalinity, and reaction time. With this, predictions are taken for each 
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sampling event only from a handful of models that are well suited for the particular water 
quality conditions.  
In short, Database 2 is comprised of sampling events with predictions from the 
best models (based on parameter ranges) for the particular water quality parameters, 
where predictions from out-of-range models are omitted. Database 2 is used to test the 
hypothesis that models are applicable only under certain circumstances. 
 
Information Collection Rule Database 
 
To compare the performance of all of the existing THM formation models and 
populate Database 1 and 2, data was compiled from the EPA Information Collection Rule 
(ICR) database. This data was used to generate each sampling event input into the 
models. 
 The ICR database was originally constructed as part of a national research effort 
to develop drinking water standards pertaining to water-born disease-causing microbes, 
disinfection and disinfection by-products, and the effectiveness of certain treatment 
practices. The database contains water quality parameters measured from water treatment 
plants throughout the United States during a study period of 18 months that started in 
1996. From this extensive database, water quality characteristics and concentrations of 
THM were collected for use in assessing the performance of existing THM formation 
models and for constructing a generalized model. 
 The ICR database contains water quality parameters that were recorded during 
over 55,000 sampling events. Each sampling event represents an instantaneous 
measurement of water quality parameters in any of the participating water treatment 
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plants in the United States. But because most sampling events were not complete with all 
of the 10 relevant water quality parameters (chlorine dose, chlorine residual, pH, reaction 
time, TOC, bromide concentration, temperature, UV-254, alkalinity, and THM observed), 
most of the sampling events were discarded leaving only sampling events with a 
complete set of water quality data. 
 Assumptions were made regarding bromide ion concentration and reaction time 
because these parameters recorded the least. It was assumed that in each water treatment 
plant, the chlorine contact/reaction time would remain relatively constant. With this 
assumption, reaction time data was assumed to be constant in treatment plants when 
reaction time data was omitted. Original reaction time data was never overwritten, but 
when sampling events contained all other water quality parameters, previously recorded 
reaction times were used. The reaction times were representative of each water treatment 
plant by recording average reaction times of each treatment plant and inserting these 
averages in sampling events the respective plants that were missing reaction times values. 
 This assumption was also used regarding bromide ion concentration in sampling 
events at the water treatment plants. Bromide concentrations were encountered the least 
of all of the water quality parameters. But when they were recorded, the average values at 
each water treatment plant were calculated and used in sampling events that were 
otherwise missing bromide ion concentrations, at the same treatment plant. If a treatment 
plant did not have any bromide ion concentration values to base this average from, all 
sampling events from the treatment plant were omitted. This assumption follows the 
understanding that bromide ion concentrations are principally dependent upon the source 
water. The bromide ion concentrations recorded at each water treatment plant are then 
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dependent upon the source water characteristics, which are assumed to remain relatively 
constant here. Variability of bromide ion concentration was relatively low at each water 
treatment plant, when concentrations were actually reported, and when they were not 
reported, the average value was used as a replacement for the sampling events that 
contained all the other water quality parameters. 
 Chlorine dose was calculated as the sum of the chlorine residual and the chlorine 
demand. This assumes that the fate of all chlorine fed to the treated water is to either react 
or remain as free chlorine, such that the sum of the reacted chlorine (chlorine demand) 
and the left over free chlorine (chlorine residual) represents the total chlorine dose. 
After removing all incomplete data sets, the final data set to be used in this study 
is based on 1191 complete sampling events. Table 4 summarizes the water quality 
parameters in the final data set extracted from the ICR database. 
 
Table 4: Summary of the raw data extracted from the Information Collection Rule database 
(n=1191) 
 
 
To more easily populate the databases based on the ICR sampling events an 
automated method was needed. To accomplish this, an Excel macro program was written 
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that accesses the ICR data and inputs the water quality parameters from each sampling 
event (n=1191) into each of the existing models. The program then records all 40 of the 
predictions made by each of the existing models into a new datasheet. The output of this 
routine creates a total of over 40,000 THM concentration predictions (1191 predictions 
for each of the 40 models) based on the ICR water quality data. The Microsoft Visual 
Basic macro code is included in Appendix B. 
 
ICR Sampling Event Flagging 
 Unusable data was flagged and removed from the ICR database before being 
utilized as a sampling event. The most major data removal occurred during the original 
extraction of data from the ICR database, as mentioned in the preceding section. This 
involved removal of all sampling events that did not contain data for all of the nine 
explanatory variables, excluding data points lacking bromide concentrations and reaction 
time. Data points were also removed that included below minimum reporting level 
(MRL) results. In other work, these data points were assumed to be at half of the value of 
the MRL (Obolenski 2005) although the value may be anything between the MRL and 
zero. To avoid this complication completely, sampling events with these censored data 
points were omitted. After filtering these data points, a water quality data set with 1191 
sampling events was produced.  
  After populating Database 1 sampling events were flagged based on the quality of 
the model predictions. The quality of the model predictions was analyzed by observing 
the residuals of the average of all model predictions. The average of all model predictions 
is defined as the arithmetic mean of all model predictions of THM concentration for a 
particular sampling event. This average was calculated for each of the 1191 sampling 
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events. Residuals of the average of all model predictions to the observed THM 
concentrations for each sampling event are shown in Figure 18.  
 
Figure 18: Residuals for all sampling events between observed concentration of THM and 
average of all predicted concentrations of THM. 
 
 Graphical analysis of the residuals shows that a portion of the residuals is 
dramatically more severe than the rest. These data points were isolated and the respective 
ICR data was inspected. The observed cluster of extreme residuals is a result of unusual 
data collected from one water treatment plant. Data in Figure 18 is sorted by sampling 
location (Treatment Plant ID) so that treatment-plant-scale irregularities can be observed. 
To isolate these data points, the distribution of the residuals was first analyzed 
graphically, to ensure that they follow a normal distribution. Figure 19 shows that the 
residuals are generally distributed normally about the zero mark. With this, sampling 
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events that are associated with residuals in the 99th percentile (based on a normal 
distribution) were flagged and investigated.  
 
 
Figure 19: Distribution of residuals between the observed THM and average of predictions of 
THM 
 The red data points in Figure 18 represent the most extreme one percent of 
residuals. Graphically, this seems characterize the largest residuals very well. The 
majority of the data with the largest residuals tend to be over-predictions. The ICR 
sample event data associated with residuals of the severely over-predicted data points is 
summarized in Table 5.  
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Table 5: ICR sampling events with abnormally high TOC that yielded the top 1% residuals of 
over predictions based on observed versus average predicted THM. 
 
 
All of the sampling events shown in Table 5 have significantly high TOC values, which 
is most likely the reason for the severe over-predictions calculated by all of the existing 
models for these data. The values highlighted in yellow show a large discrepancy 
between the average TOC in this table of flagged data (8.36 mg/l) versus the ICR 
sampling events average as a whole (2.18 mg/l). This suggests that these sampling events 
deviate sharply from the rest of the data and thus will be removed from the analysis. 
Additionally, sampling events that yielded the to 1% of under-predicted THM 
concentrations is shown in Table 6. The average of all of the explanatory variables in 
these flagged sampling events are generally typical, when compared to averages across 
the entire data set (n=1191), however the observed THM values are very high. On 
average, the observed THM is about 70μg/l greater that the average predicted THM. This 
Event ID pH Cl Dose 
(mg/l)
Temp 
(°C)
Br (mg/l) TOC 
(mg/l)
UV-254 
(cm-1)
Residual 
Cl (mg/l)
Time (hr)
Alkalinity 
(mg/l as 
CaCO3)
THM 
Observed 
( μg/l)
Average 
Prediction 
( μg/l)
Residual 
(μg/l)
2960602 9.2 8.32 24.9 0.128 9.65 0.2585 0.10 38 57 70.8 244.1 173
2960605 9.2 8.42 25.3 0.128 9.40 0.2895 0.20 38 58 57.9 248.3 190
2960611 9.1 8.32 25.4 0.128 8.65 0.258 0.10 38 46 52 225.1 173
2960702 9.4 8.32 25.2 0.128 9.55 0.268 0.10 38 48 62.6 251.6 189
2960705 9.55 8.42 25.1 0.128 9.60 0.2875 0.20 38 66 65.6 261.7 196
2960711 9.29 8.32 25 0.128 8.75 0.267 0.10 38 49 55.9 231.6 176
2960714 8.94 8.32 26 0.128 9.40 0.2565 0.10 38 40 51.7 237.5 186
2970702 9.38 7.68 25.6 0.086 8.20 0.236 0.30 13 32 41.7 164.6 123
2970705 9.47 7.48 24.3 0.086 7.25 0.2285 0.10 13 31 49.9 145.8 96
2970711 9.48 7.48 25.4 0.086 7.70 0.2595 0.10 13 24 48.4 159.4 111
2970714 9.4 8.68 25.7 0.086 7.05 0.2265 1.30 13 29 49 157.4 108
2970802 9.35 7.58 26.1 0.086 8.00 0.235 0.20 13 34 46.9 161.8 115
2970805 9.46 7.48 24.1 0.086 7.35 0.225 0.10 13 32 50.1 145.8 96
2970811 9.43 7.78 25.5 0.086 7.85 0.261 0.40 13 36 54 164.5 110
2970814 9.46 8.18 25.5 0.086 7.05 0.221 0.80 13 29 52.6 153.1 100
3050401 9.1 2.36 27 0.086 6.25 0.186 1.80 10 48 7.5 86.5 79
3060503 7.81 7.49 26 0.166 10.50 0.236 3.50 43 128 121.7 224.1 102
3060506 7.48 7.19 25.2 0.166 9.80 0.232 3.20 43 36 103.9 196.4 92
3060509 7.47 7.39 25 0.166 11.00 0.243 3.40 43 40 141.6 219.9 78
3061003 7.98 4.39 26 0.166 11.00 0.254 0.40 43 136 126.1 201.3 75
3061015 9.19 4.09 26.2 0.166 9.80 0.257 0.10 43 39 126.9 206.8 80
3061018 9.02 4.09 25 0.166 9.10 0.259 0.10 43 58 119.9 185.4 66
3070704 9.2 8.72 23.9 0.171 7.00 0.219 0.90 32 38 29.8 183.2 153
3070904 9.1 8.62 24.6 0.171 7.10 0.2085 0.80 32 36 28.2 182.9 155
5570609 6.58 3.00 12 0.010 1.90 0.0355 0.60 123 23 11.4 80.3 69
Outlier Average 8.92 7.12 24.80 0.12 8.36 0.24 0.76 33.07 47.72 65.04 188.75 123.7
ICR Average 7.74 2.20 17.55 0.038 2.18 0.04 1.14 39.53 72.78 30.70 37.47 -6.77
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discrepancy may be due to error in analytical technique or other unknown factors. 
Nonetheless, because there are so few of these questionable data points, they were 
omitted from the final set of sampling events.  
Table 6: ICR sampling events with abnormally high observed THM that yielded the top 1% 
residuals of under predictions based on observed versus average predicted THM. 
 
 
 The same sampling event flagging procedure was then carried out based on 
residuals as a fraction of observed THM. These residuals, shown in Figure 20 provide a 
normalized measure of the deviation of predictions from the observed THM as a percent. 
Again, slight clusters of extreme residuals can be observed due to the treatment-plant 
sorting of the data where irregular conditions during several sampling events at a 
particular plant may have been prevalent. Graphical analysis of the frequency of residual 
magnitude, shown in Figure 21, provides that the residuals are generally normally 
distributed, although less normal than the residuals shown in Figure 19. Assuming a 
normal distribution, the residuals in the 99th percentile were selected. These data points 
represent the 1% most extreme residuals (as a fraction of observed THM). Again, the 99th 
percentile represents the bulk of the most extreme residuals after graphical analysis. 
 
 
Event ID pH Cl Dose 
(mg/l)
Temp 
(°C)
Br (mg/l) TOC 
(mg/l)
UV-254 
(cm-1)
Residual 
Cl (mg/l)
Time (hr)
Alkalinity 
(mg/l as 
CaCO3)
THM 
Observed 
( μg/l)
Average 
Prediction 
( μg/l)
Residual 
(μg/l)
4660702 7.2 1.89 17 0.049 2.10 0.031 0.90 13 50 88.9 19.9 -69
4660711 7.1 1.89 18.5 0.049 1.65 0.023 0.90 13 78 85.2 17.4 -68
4740815 7.4 3.20 20 0.063 1.35 0.023 1.20 1 29 85.9 15.6 -70
5260708 7.3 1.54 4 0.014 1.60 0.031 1.20 60 80 92.3 16.3 -76
5400713 7.9 0.86 27 0.044 2.50 0.038 0.10 50 120 106.3 35.1 -71
5400801 7.6 0.86 29.5 0.044 3.05 0.065 0.10 50 120 125.7 43.0 -83
5421011 8.41 3.70 17.2 0.077 2.10 0.054 2.70 15 105 112.1 36.9 -75
4011012 7.41 4.71 18.3 0.008 2.30 0.039 0.50 26 19 115.6 37.9 -78
Outlier Average 7.54 2.33 18.94 0.04 2.08 0.04 0.95 28.44 75.13 101.50 27.77 -73.7
ICR Average 7.74 2.20 17.55 0.038 2.176 0.037 1.14 39.53 72.78 30.70 37.47 -6.77
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Figure 20: Residuals for all sampling events between observed concentration of THM and 
average of all predicted concentration of THM as a fraction of observed THM 
 
Figure 21: Distribution of residuals between the observed THM and average of predictions of 
THM 
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 As before, the sampling events associated with the flagged data in the 99th 
percentile were then investigated. All of the outliers found based on extreme residuals as 
a fraction of observed THM were unique from those found based on non-normalized 
extreme residuals that were found in the preceding section. In other words, both methods 
of flagging data (based on 99Th percentile of non-normalized residuals and 99th percentile 
of residuals as a fraction of observed THM) found unique outliers. The flagged sampling 
events found based on extreme residuals as a fraction of observed THM are summarized 
in Table 7.  
 
 
Table 7: ICR sampling events with abnormally low observed THM that yielded the top 1% of 
residuals based on observed versus average predicted THM as a fraction of observed THM. 
 
 
Event ID pH Cl Dose 
(mg/l)
Temp 
(°C)
Br (mg/l) TOC 
(mg/l)
UV-254 
(cm-1)
Residual 
Cl (mg/l)
Time (hr)
Alkalinity 
(mg/l as 
CaCO3)
THM 
Observed 
( μg/l)
Average 
Prediction 
( μg/l)
Percent 
Residual
1631016 7.75 0.48 17.2 0.060 1.75 0.017 0.10 51 93 2.3 19.7 757%
2260902 8.8 2.02 22.9 0.032 3.50 0.025 1.70 50 70 2.3 53.9 2245%
2260908 8.6 1.92 12.8 0.032 2.60 0.038 1.60 50 54 1 35.5 3451%
2260914 9 2.52 20 0.032 2.35 0.0315 2.20 50 72 1.9 46.5 2350%
2800301 7.56 4.26 29.5 0.044 1.70 0.024 2.20 10 123 3.6 33.6 833%
2800307 7.24 4.06 27.2 0.044 1.30 0.022 2.00 10 112 2.6 26.8 932%
2800313 7.7 4.26 29.9 0.044 1.40 0.027 2.20 10 113 1.6 33.0 1962%
2980605 9.2 0.85 26 0.077 4.20 0.136 0.20 20 50 5.4 56.0 938%
3050401 9.1 2.36 27 0.086 6.25 0.186 1.80 10 48 7.5 86.5 1054%
3050407 9 0.96 25.5 0.086 5.15 0.178 0.40 10 46 4.1 57.5 1303%
3050416 9.75 0.66 25 0.086 5.80 0.184 0.10 10 44 4.5 63.1 1303%
3380906 8.1 5.53 13.7 0.052 1.25 0.033 0.20 75 76 1.1 47.9 4252%
3681204 8.69 0.68 22.6 0.021 3.00 0.052 0.10 23 37 3.8 32.0 743%
3681207 8.43 0.88 16 0.021 2.75 0.0695 0.30 23 28 1 27.0 2605%
3780504 7.4 3.27 12.9 0.061 0.85 0.0185 2.70 20 300 1.2 17.8 1380%
3820611 9.19 0.77 17.4 0.077 2.40 0.061 0.10 5 66 2 23.5 1077%
4290711 9.66 1.29 14 0.161 1.70 0.047 0.30 29 53 2.2 30.8 1301%
4290717 9.66 1.39 16.5 0.161 1.85 0.0375 0.40 29 50 1 33.8 3276%
4290802 9.8 1.09 19 0.161 1.80 0.047 0.10 29 44 4.2 34.8 729%
4290811 9.62 1.19 12 0.161 1.60 0.047 0.20 29 53 1 27.6 2662%
4290814 9.57 1.19 18 0.161 1.60 0.048 0.20 29 60 2.8 32.3 1054%
4290817 9.65 1.19 16.5 0.161 1.55 0.045 0.20 29 50 3.1 30.9 898%
4563007 5.95 1.54 4.4 0.017 2.15 0.0225 0.30 41 5 3.8 43.1 1034%
5610708 7.56 1.43 11 0.019 4.10 0.01 0.90 177 176 6.3 2102.8 33278%
Outlier Average 8.62 1.91 19.04 0.077 2.61 0.06 0.85 33.96 75.96 2.93 124.86 2976%
ICR Average 7.74 2.20 17.55 0.038 2.18 0.04 1.14 39.53 72.78 30.70 37.47 -22%
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 The flagged sampling events of the most extreme 1% or residuals as a fraction of 
observed THM, shown in Table 7, tend to consist of typical values for explanatory 
variables. The major discrepancy in these sampling events lies in the values of observed 
THM. The average observed THM value is 2.93μg/l, which varies widely from the 
average predicted value of 125μg/l. The water quality parameters are all similar to the 
overall ICR average, but the observed THM in this flagged data set is significantly lower 
than the ICR average of 30μg/l. This suggests that the observations in these sampling 
events are atypical and may be due to error in data analytical procedure. Because there 
are so few of these questionable data points, they were removed from the set of sampling 
events. 
 The same procedure was followed for the selective model predictions where the 
1% most extreme residuals are investigated and removed accordingly. As before, this is 
applied to outliers based on residuals and residuals as a fraction of observed THM. The 
24 sampling events shown in Table 8 were detected and removed due to the abnormally 
high levels of observed THM. Similarly, Table 9 summarized 17 sampling events that 
were removed due to abnormally low levels of observed THM. In both of these cases, the 
water quality characteristics were such that THM concentration was expected (and thus 
predicted) to be significantly different from the observed values, with the exception of 
sampling event 3710712. Sampling event 3710712 yielded an outlier THM prediction 
because of the extremely long reaction time of 147 hours. Some of the models (El-Shafy 
et al. 2009) are highly sensitive to reaction time and, in turn, drastically overpredict THM 
concentration when reaction time is very large. This is most likely the cause of the large 
residual associated with sampling event 3710712. 
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 The distribution of the residuals based on the selective calculations is generally 
normal as shown in Figure 23. However the distribution for the residuals as a fraction of 
observed THM, shown in Figure 25, is positively skewed. The skew is also very 
apparent in Figure 24, and as a result, all of the most extreme outliers are positive.  
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Figure 22: Residuals for all sampling events between observed concentration of THM and 
average of all selective calculations of THM concentration. 
 
Figure 23: Distribution of residuals between the observed THM and average of selective 
predictions of THM 
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Table 8: ICR sampling events with abnormally high observed THM that yielded the top 1% 
residuals based on observed versus average selective prediction of THM. 
 
 
 
Figure 24: Residuals for all sampling events between observed concentration of THM and 
average of selective predictions of THM, as a fraction of observed THM 
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Figure 25: Distribution of residuals as a fraction of observed THM, between the observed THM 
and average of selective predictions of THM  
 
Table 9: ICR sampling events with abnormally low observed THM that yielded the top 1% of 
residuals based on observed versus average selective prediction of THM, as a fraction of 
observed THM. 
 
Statistical Analysis Of Existing Models 
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To determine how well each of the models predict THM formation, the mean 
squared error (MSE) was computed of each of the 1191 predictions from each model as 
compared to the observed THM.  The MSE was computed as follows 
 
𝑀𝑆𝐸𝑗 = � (𝑋𝑖𝑗 − 𝜃𝑖)2𝑛
𝑖=1
� /𝑛 
 
Eq. 6 
 
where 𝑀𝑆𝐸𝑗 is the mean squared error for the jth model, 𝑋𝑖
𝑗 is the ith prediction of the jth 
model, and 𝜃𝑖 is the observed THM concentration of the  ith sampling event. Table 13 
shows the MSE values for all of the existing and proposed models. 
 Similarly, r2 values were computed for each of the models (existing and proposed) 
with respect to the model predictions and ICR observed THM concentrations. These 
point estimates quantify the degree of correlation between the observed and predicted 
THM concentrations for all sampling events. It should be noted, however, that this 
statistical measure quantifies degree of correlation between observations and predictions, 
and does not necessarily measure accuracy. It may be that a specific model systematically 
underpredicts or overpredicts with great precision and would thus yield a high r2 value. 
The r2 values were computed using the correlation function, CORREL()^2. 
 To further supplement the statistical analysis, the bias of each of the models’ 
predictions was calculated. Bias provides the insight into the tendency of systematic 
overprediction or underprediction, where negative bias, positive bias, and zero bias 
suggest systematic underprediction, systematic overprediction, and even prediction, 
respectively. This statistical measure supplements the r2 values in that it reveals overall 
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accuracy of the model estimations, regardless of whether or not they strongly correlated 
with the observations. Bias was calculated as follows 
𝐵𝚤𝑎𝑠������ = � (𝑋𝑖𝑗 − 𝜃𝑖)𝑛
𝑖=1
� /𝑛 Eq. 7 
 
where 𝑋𝑖
𝑗 is the ith prediction of the jth model, and 𝜃𝑖 is the observed THM concentration 
of the  ith sampling event. 
 The MSE, bias, and r2 values in Table 13 and Table 14 provide insight into 
which existing models are strong predictors when they are presented with data from the 
ICR database. Additionally, Table 13 and Table 14 show the MSE values for the mean 
and median of the predictions. The “mean prediction of all models” represents an 
aggregate estimation of THM formed from each sampling event based on the estimations 
of all of the existing models where THM formed during each sampling event is predicted 
by taking the mean prediction from each of the existing models. The same procedure 
applies for the MSE value reported for the “median prediction of all models” with the 
median prediction used in place of the mean. Table 13 and Table 14 are sorted by MSE. 
 The average prediction of all models provides the best prediction in terms of MSE 
when compared to all other models. Additionally, the “median prediction of all models” 
provides the second best prediction of THM formation, based on MSE. This suggests that 
ensemble of existing model predictions may provide higher quality estimations for a 
more generalized data set, such as the ICR database.  
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Generalized Model Weighting and Averaging 
 
 After flagged data isolated removed as described in the preceding section, 
generalized model was constructed based on sampling events and model predictions of 
quality-assured Database 1 and 2 sampling events. Generalized models were formulated 
in several ways based on both Database 1 and Database 2. In order of complexity, 
generalized models are constructed based on: 
 
Database 1 
A1 - Evenly weighted arithmetic mean of model predictions 
B1 - Evenly weighted median of model predictions 
C1 - Model-building-data-sample-size weighted mean of model predictions 
Database 2 
A2 - Evenly weighted arithmetic mean of model predictions 
B2 - Evenly weighted median of model predictions 
C2 - Model-building-data-sample-size weighted mean of model predictions 
 
Generalized models are hereafter referred to by their alphanumeric ID (A1, B1, A2, B2 
etc.) where the number identifies which database it is associated with.  
 
Model A1 was constructed based on evenly weighted arithmetic means of model 
predictions in the expected way: for each sampling event in Database 1, each of the 
model predictions (n = 40) were summed together and divided by the number of models 
(40). Existing model predictions greater than 1000 μg/l were omitted from the average 
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calculation, which drastically increased the accuracy of Model A1, while removing only 
0.17% of the predictions (73 predictions out of 45,045 total). Model B1 calculates 
predictions of THM by returning the median value of all model predictions for each 
sampling event in Database 1. Model C1 calculates THM concentration by way of 
weighted average of each of the existing model predictions for each sampling event in 
Database 1. The weights are proportional to the sample size of the original model-
building data from the respective study. The weights reflect statistical significance in 
terms of original data sample size and will sum to 1. This model assumes that models 
from the literature are increasingly valid as their respective model-building sample size 
increases. 
The same procedure is then carried out for models A2, B2, C2, and D2 replacing 
the selective calculations of Database 2 for Database 1. 
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Results and Discussion  
Summary of Database 1 and Database 2  
 After detecting and removing the most extreme 1% of outliers, as described in the 
previous section, the quality assured ICR water quality data and existing model 
predictions were analyzed. Database 1 represents all water quality data and model 
predictions after removal of outliers and is summarized in Table 10.  
Table 10: Summary of water quality parameters in the sampling events in Database 1 (n=1145) 
after removal of outliers. 
 
In general, the data in Database 1 evenly distributed with slight positive skews. With the 
exception of temperature, of the mean value of the parameters are slightly greater than 
the median, which can likely be attributed to a positive skew. 
 Database 2 is based upon the same data extracted from the ICR database 
(n=1191), except that model predictions were only calculated when the water quality 
parameters fell within the existing model-building data set range for each of the existing 
models. For each sampling event and for each model, predictions were only calculated 
unless all of the relevant parameters were within the range of the model-building data set. 
For example, a THM concentration prediction from hypothetical Model X was only 
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calculated if the sampling event water quality was similar to the water quality used to 
build Model X. This type of calculation regime is referred to as a “selective calculation” 
in this study, which tests the hypothesis that THM models are only useful when applied 
to water quality characteristics very similar to its respective model-building data. 
As such, it follows that far fewer model predictions were calculated in Database 2 
than in Database 1. On average, each sampling event was matched with predictions from 
approximately 13% of the existing models, due to the selectiveness of the calculations. 
Additionally, 10.0% of the sampling events yielded no model predictions at all because 
they did not satisfy the selective criteria of any of the existing models. These sampling 
events were removed, in addition to those removed as outliers. Table 11 summarized the 
water quality data used in the Database 2 for selective calculations. 
Table 11: Summary of water quality parameters in the sampling events in Database 2 (n=1056) 
after removal of outliers. 
 
 
Comparison of Existing Model Results  
 Results of all existing and proposed model predictions were analyzed after 
populating Database 1 and Database 2 and removing outliers.  
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First, the point estimates produced from each of the models are shown under 
typical conditions with a sampling event that represents likely water quality 
characteristics. A “typical” sampling event was determined by calculating the mean value 
of all water quality parameters of all of the sampling events in the extracted ICR data. 
Values for less common parameters that were are not included in the ICR database or are 
model-specific were determined based on averages of values used in the literature. Table 12 shows the resulting values for all independent variables that represent a typical 
sampling event. 
Table 12: Average sampling event values of independent variables found in the ICR database 
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The results with the given data for each of the existing models are shown in Figure 26. 
There is substantial disagreement between the existing models on a case-by-case basis, 
but the average of the predictions, 35.3 μg/l, is very close to the average observed THM 
concentration of 30.7 μg/l (as before, the average observed value was calculated by 
determining the mean observed THM concentration of the extracted ICR data). This 
suggests that, while there are vast disagreements between many of the models, together 
they may be able to more accurately predict THM formation.  
The wide variety of model-building methods and model-building water quality 
characteristics have produced models that predict very different, sometimes very 
incorrect THM concentrations; but because there is a relatively even amount of over 
predictors and under predictors, an ensemble of these existing models seems to yield a 
good estimation of THM formation. Overall, it seems that models that tend to 
underpredict THM formation counteract models that tend to overpredict THM formation. 
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Figure 26: Results from all existing models given the average independent variable values 
found in the literature 
 
To further investigate the over/under prediction tendency of the existing models, 
the sign of the residuals between predicted and observed THM was analyzed for each of 
the existing models. Positive residuals (calculated as Prediction – Observation) were 
counted as over predictions while negative residuals were counted as under predictions. Figure 27 and Figure 28 show the frequency with which each of the existing models 
underpredict and overpredict for all model predictions and selective model predictions, 
respectively. The prediction tendencies of the average and median of all model 
predictions were also calculated. The average of all model predictions was very close to 
even, with 51.7% over predicted and the remainder under predicted while the median of 
all model predictions over predicted only 36.2%. The average of selective predictions 
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was also very close to even, with 49.2% over predicted, while the median of selective 
predictions over predicted 46.6% of the sampling events.  
 
Figure 27: Tendency of existing THM formation models to underpredict and overpredict based on observed and predicted THM from sampling events in 
the ICR database. The tendency of the average and median of all model predictions are shown in white. 
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Figure 28: Tendency of existing THM formation models to under-predict and over-predict based on observed and predicted THM from selective 
calculations with ICR data. The tendency of the average and median of all model predictions are shown in white. 
 
To further assess the characteristics and performance of each of the proposed 
THM formation models, plots of each of the observed THM concentrations versus the 
model predictions are provided in Figure 30, Figure 31, Figure 32, Figure 34, Figure 35, and Figure 36. Results for proposed models based on Database 1 are provided in Figure 30, Figure 31, and Figure 32 and results for proposed models based on Database 
2 are provided in Figure 34, Figure 35, and Figure 36.  
Without considering selective calculations utilized in Database 2, Model A1 and 
Model B1 appear to be the best predictors in terms of MSE. Model A1 predicted with an 
MSE of 311 while Model B1 predicted with an MSE of 323, both of which are 
significantly lower than the rest of the existing models. This means that, with MSE as a 
metric, the simple average and median of the ensemble of all existing models serve as 
better predictors of THM formation (under ICR sampling event conditions) than any of 
the existing models in the literature. Model C1, however, was less accurate, with MSE = 
495, although it still predicted better than 88% of the existing models.  
In terms of prediction bias, Model A1 was the third least biased predictor (bias = 
1.43), behind Zhu et al. 1995 (bias = 0.82) and Amy et al. 1998 (bias = -1.34). The 
bench-scale model proposed by Rodriguez et al. 2000 predicted with the highest 
correlation (r2 = 0.3651) although it was very highly biased (bias = 15.45).  
The proposed models generated with selective calculations in Database 2 did not 
perform as well: Model A2, Model B2, and Model C2 yielded MSE values of 432, 504, 
and 479, respectively. However the proposed Database 2 models were more accurate than 
85% of the existing models, in terms of MSE. Models A2, B2, and C2 are all fairly 
 78 
negatively bias (bias = -2.3, -2.8, -10.5, respectively) and yielded low correlation 
coefficients (r2  = 0.1229, 0.0911, 0.1449, respectively). 
Several of the existing models performed very well under selective calculations in 
Database 2 in terms of MSE and r2. However it should be noted that these metrics fail to 
quantify the sample size associated with the models. Because Database 2 was populated 
with selective predictions from each of the existing models, many of the sampling events 
were not assessed by some of the models. This means that, even though there were 1056 
sampling events in Database 2, each model predicted THM formation for only a fraction 
of these. On average, models calculated predictions for 13% of the sampling events, with 
8 of the models providing no predictions at all because none of the sampling events 
resembled their respective model-building data sets. With this, it is difficult to apply the 
same statistical metric to existing models that were selectively activated and thus yielded 
smaller data sets of predictions.  
Having said that, it was observed that 3 of the existing models outperformed the 
proposed models when selective calculations are examined and sample size is ignored. 
This, however, proved to be a rather superficial assessment when the sample sizes of the 
existing model predictions are considered. The model proposed by Ibarluzea et al. 1994 
yielded an MSE of 163 but is only based on 3 data points. Similarly models by Sohn and 
Zhu yielded MSE values of 201 and 251 with sample sizes of 187 (18% of total) and 105 
(10% of total). The same problem is encountered with r2 values where some existing 
models yielded perfect correlation, because they only calculated 2 THM formation 
estimations (Harrington et al. 1992, Gang et al. 2003).  This trend is illustrated in Figure 29.  
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Figure 29: Existing model performance, in terms of r2 values, degrades as the number of 
sampling event predictions decreases, under selective calculations in Database 2.  
Because the existing models’ performance is highly dependent upon the sample 
size of model predictions in Database 2 (due to selective calculations) the comparative 
statistical metrics should be referenced cautiously. The statistical metrics of the existing 
models provided in Table 13 are the basis for comparison in this study because they 
represent predictions for all sampling events – that which the proposed models are 
subjected to. Even still, it may be argued that the existing models that performed well 
(based on the Database 2 calculation regime) may serve a excellent THM formation 
estimators assuming that they are only utilized when the explanatory variables are similar 
to those of their model-building data sets. This, after all, is the overall premise of Model 
A2, B2 and C2: calculate average estimations from existing models only when they are 
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similar to their respective model-building data sets so as to select only the best 
estimations and omit others that may be out of range of the other existing models. 
 Upon graphical analysis, models A1 and A2 appear to be fair predictors of THM 
formation, shown in Figure 30 and Figure 35, respectively. Both appear to exhibit 
relatively low precision with significant spread on both sides of the perfect fit line. But, 
the predictions may be deemed accurate because the spread is generally uniformly 
distributed across the perfect fit line, which is reflected, in Model A1, by its low bias 
(bias = 1.43). Model B2, shown in Figure 31, appears to be settled above the perfect fit 
line, which again is reflected by its relatively large negative bias (bias = -6.14). Models 
C1, B2, and C2, shown in Figure 32, Figure 35, and Figure 36, respectively, all appear 
to have less organized spread about the perfect fit line, which is reflected in their MSE 
values.  
 The bar chart in Figure 33 illustratively compares the performance of all existing 
models and proposed model in Database 1. Several of the existing models seems to 
perform almost as well as the best proposed models, Model A1 and Model B1, whereas 
much of the other models are far worse predictors, in terms of MSE. Models 37, 38, 39 
and 40 drastically exceed the limit of the chart, but were cut off to maintain the 
readability of the figure. Similarly, Figure 37 shows the same information for the 
proposed and existing models of Database 2. Again, it should be noted that the MSE 
values for the existing models shown in Figure 37 are based on selectively calculated 
THM concentrations and thus do not have the same sample sizes at existing models 
predictions in Database 1 and Figure 33. 
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Figure 30: Observed THM as a function of predicted THM for Model A1 
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Figure 31: Observed THM as a function of predicted THM for Model B1 
 
Figure 32: Observed THM as a function of predicted THM for Model C1
Table 13: Quality of predictions of all existing and proposed models based on the mean squared error, bias, and R2. 
Sample size for the original model building data set and number of explanatory variable parameters from each existing 
model are also shown. 
 
 84 
 
 
Figure 33: Mean squared error values for all existing and proposed models based on data from Database 1. Models 37, 
38, 39 and 40 exceed the range of the chart. 
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Figure 34: Observed THM as a function of predicted THM for Model A2  
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Figure 35: Observed THM as a function of predicted THM for Model B2 
 
 
Figure 36: Observed THM as a function of predicted THM for Model C2 
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Table 14: Quality of predictions of all existing and proposed models based on the mean squared error, bias, and R2. 
Sample size for the original model building data set, number of explanatory variable parameters, and number of usable 
sampling events for each existing model are also shown. 
 
 
 
 88 
 
Figure 37: Mean squared error values for all existing and proposed models based on data from Database 2. Models 33-40 
are not include 
 
Trends of Existing Models   After populating Database 1 with THM formation estimations form all of the 
existing models and for each sampling event (n = 1145), trends between performance and 
characteristics of models were investigated. Specifically, model performance was 
measured as a function of parameterization (as was superficially explored in Figure 2) 
and of model-building sample size. With this conclusions were drawn as to how 
parameterization and model-building sample size were drawn. 
 Statistical performance estimates of all existing models, in terms of r2 values, 
were collected from Table 13 and plotted against the number of parameters included in 
each model, shown in Figure 38. Here, a small, but significant positive correlation (r2 = 
0.3059) is observed which suggests that as THM formation models become increasing 
complex and incorporate more parameters, they tend to predict more precisely (in terms 
of r2 values). This is contrary to the model-building sample size-specific relationship 
shown in Figure 2 but follows what is generally expected to be the case. However, when 
the same comparison is made with MSE as the statistical metric, the same conclusion 
cannot be drawn. Figure 39 shows that as models become increasing parameterized, they 
do not tend to produce better estimations. In fact, similar to Figure 2, there is a weak 
positive correlation between MSE and parameterization, which, similar to Figure 2, 
suggests that as models become more parameterized, their predictions become less 
accurate.  
 Next, existing model performance, in term of r2 values, is measured as a function 
of existing model-building sample size, which is illustrated in Figure 40. Here, a 
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somewhat stronger positive correlation is observed (r2 = 0.3913) which suggests that as 
the model-building sample size increases, the precision of the model estimations is 
improved, which is expected, and encouraging for all modelers.  Note that Figure 40 is 
shown on a semi-log scale for readability.  
Finally, the same comparison is made in terms of MSE, where model performance 
is measured as a function of existing model-building sample size, shown in Figure 41. 
Here, a very low negative correlation between model-building sample size and MSE is 
observed. Contrary to conclusions drawn with Figure 40, this suggests that there is little 
connection between model-building sample size and the quality of model estimations, in 
terms of MSE. Considering that r2 values measure precision of measurement whereas 
MSE quantifies accuracy, it may be argued that, as models become increasingly 
parameterized they become more precise, but not necessarily yielded more accurate 
results than other models with fewer parameters. This is also true for model performance 
as a function of model-building sample size, where, as the model-building sample size 
increases for THM formation models, model precision increases (reflected by higher r2 
values) but model accuracy is not increased or decreased significantly (reflected by very 
low correlation of MSE versus model-building sample size). 
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Figure 38: Relationship between model parameterization and prediction power and based on r2 
between predicted and observed THM values for Database 1 
 
 92 
 
Figure 39: Relationship between model parameterization and prediction power and based on 
MSE between predicted and observed THM values for Database 1 
 
 
Figure 40: Relationship between model-building sample size (n) and prediction power based on 
r2 between predicted and observed THM values for Database 1 
 93 
 
Figure 41: Relationship between model-building sample size (n) and prediction power based on 
MSE between predicted and observed THM values for Database 1 
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Conclusions   
Since the pioneering work of Rook in 1974 showed that organic halides existed in 
every major water supply in the United States, much attention has been paid to 
understanding the how these chemicals are formed and how to reduce their 
concentrations in finished municipal water supplies. Since then, the formation of 
trihalomethanes has been extensively covered throughout the literature and as a result, 
numerous predictive models have been proposed. For the most part, the existing models 
successfully describe the rate at which and quantity of which THMs should be expected 
to form based on their specific model-building data sets. However, the majority of 
existing THM formation models fail to predict the THM concentrations when tested with 
independent water quality data from the Information Collection Rule database. This 
suggests that most of the existing models may only be applicable when water quality 
resembles that which was used in the model-building process.  
Additionally, when the ensemble of all predictions of THM formation from all of 
the existing models is considered, it is observed that approximately half of the models 
tend to systematically overpredict while the remainder underpredicts. This suggests that 
while many of existing THM formation models are not accurate themselves, they may 
collectively serve to provide accurate predictions when a measure of their collaborative 
central tendency is considered. With this, this study proposes six varieties of THM 
formation models based on the consensus 40 existing models from the literature. Three of 
the proposed models are defined by measuring the central tendency of all 40 existing 
model prediction, while the other three proposed models are based on a central tendency 
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of existing model predictions under selective conditions, where predictions are provided, 
only when the water quality parameters resemble the existing models’ model-building 
data. 
With MSE values as a metric based on THM observations in the ICR database 
with THM predictions from the models, two of the resulting proposed models, Model A1 
and Model B1, yielded better results than any of the existing models proposed to date 
with MSE values of 311 and 323.  
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Appendix A: Raw ICR Data 
Event ID Plant ID pH  
Cl Dose 
(mg/l) 
Temp 
(°C) 
Br 
(mg/l) 
TOC 
(mg/l) 
UV254 
(cm-1) 
Residual 
Cl (mg/l) 
Time 
(hr) 
Alk (mg/l 
as 
CaCO3) 
THM 
Obs 
(μg/l) 
Model 
B1 
Model 
A1 
1230812 123 7.76 1.283 24.4 0.043 3.150 0.044 1.00 17.8 132.0 39.0 26.0 33.4 
1220506 122 7.59 1.841 15.5 0.075 1.800 0.029 1.50 8.0 153.0 34.7 15.5 17.5 
5350713 535 8.55 1.800 14.8 0.029 1.150 0.009 1.20 12.2 48.0 7.6 13.9 15.3 
3290712 329 6.24 0.800 20.3 0.002 0.900 0.014 0.20 32.5 8.0 14.8 7.9 23.0 
4030715 403 9.24 1.543 21.0 0.011 2.200 0.039 0.90 71.6 26.0 20.6 37.2 45.6 
3730718 373 7.67 2.630 10.0 0.018 2.200 0.049 1.30 84.4 270.0 25.3 29.4 36.5 
2500417 250 7.64 2.040 6.5 0.020 2.300 0.034 1.60 5.8 74.0 27.6 8.9 12.9 
4540311 454 9.30 1.938 11.8 0.105 3.250 0.055 1.40 41.9 130.0 21.6 36.6 47.9 
4470515 447 7.69 2.804 26.0 0.020 1.900 0.023 1.80 6.1 44.0 27.5 19.0 24.6 
4760616 476 7.06 2.600 15.5 0.027 4.000 0.075 0.60 7.6 84.0 62.1 29.8 30.2 
5430905 543 7.91 3.688 16.5 0.040 1.300 0.027 2.60 7.8 82.0 23.3 14.8 21.9 
2391616 239 7.77 3.300 17.0 0.016 1.550 0.009 1.30 22.2 115.0 21.3 16.0 23.4 
3740909 374 7.03 1.463 7.5 0.016 3.000 0.059 0.10 72.2 92.0 51.3 26.6 31.5 
4381305 438 10.05 2.489 9.5 0.016 1.200 0.025 2.40 9.6 95.0 25.8 12.7 21.5 
3740812 374 7.24 3.363 25.0 0.016 2.700 0.059 2.00 72.2 102.0 59.7 63.8 60.4 
3970908 397 8.99 1.045 11.5 0.054 2.750 0.072 0.20 28.0 76.0 14.4 26.6 30.6 
4072701 407 6.21 2.391 27.2 0.025 1.200 0.022 1.90 33.8 14.0 12.5 17.2 35.3 
1430506 143 8.95 1.027 13.6 0.008 0.900 0.009 0.90 153.6 16.0 41.3 19.1 24.3 
2660810 266 7.20 2.521 8.0 0.001 1.850 0.018 2.10 64.6 13.0 17.4 14.0 41.6 
4390913 439 9.50 2.535 28.0 0.013 3.050 0.060 0.60 45.4 26.0 72.3 58.7 74.0 
2510610 251 7.23 1.740 8.0 0.001 1.000 0.014 1.30 58.0 38.0 29.2 6.5 23.5 
2600708 260 7.58 0.750 6.5 0.018 1.600 0.044 0.10 52.8 102.0 5.8 11.2 21.2 
1261013 126 7.49 1.220 27.0 0.052 3.100 0.056 0.70 37.6 99.0 96.1 39.2 42.9 
2060708 206 6.50 0.973 11.3 0.005 0.800 0.014 0.60 31.4 14.0 9.2 5.0 11.8 
3840402 384 8.61 1.155 27.3 0.050 3.300 0.071 0.40 48.6 145.0 38.2 37.6 55.0 
2600608 260 7.57 0.750 7.1 0.018 1.500 0.043 0.10 52.8 104.0 6.2 10.5 13.8 
1050905 105 9.00 2.183 16.1 0.012 1.500 0.023 1.60 30.4 39.0 21.5 24.1 27.8 
4140714 414 7.20 1.096 24.3 0.016 1.500 0.011 0.70 16.2 80.0 15.9 15.5 15.0 
4200414 420 7.10 1.945 14.0 0.063 0.950 0.017 0.90 3.0 280.0 2.8 6.2 8.1 
1080809 108 7.70 3.325 13.0 0.045 1.100 0.016 2.50 14.8 60.0 34.9 12.2 18.4 
1071118 107 7.20 1.875 17.0 0.060 1.350 0.022 1.10 36.8 68.0 42.5 20.9 21.8 
1200415 120 7.75 1.525 22.2 0.051 2.750 0.039 1.10 25.0 118.0 18.5 31.3 33.3 
1400415 140 8.30 0.628 20.2 0.007 3.250 0.017 0.50 157.6 19.0 38.1 31.2 47.6 
4390901 439 9.30 2.035 26.9 0.013 4.350 0.072 0.10 45.4 20.0 66.1 52.4 79.1 
1271108 127 7.96 1.563 15.0 0.079 1.900 0.026 1.30 37.6 128.0 27.9 27.9 27.3 
4301401 430 6.70 1.081 28.3 0.054 2.200 0.063 0.30 48.0 32.0 12.9 30.1 44.1 
3190809 319 8.00 4.664 25.1 0.014 1.100 0.022 1.30 42.0 110.0 20.2 29.6 43.1 
2670816 267 7.10 1.649 18.0 0.030 2.650 0.025 1.10 51.6 56.0 44.0 32.3 38.9 
2630804 263 7.50 1.570 18.0 0.028 2.750 0.024 1.00 43.2 21.0 42.0 30.6 34.3 
5610717 561 7.60 1.331 12.0 0.019 0.800 0.011 0.80 176.6 184.0 10.4 11.0 25.0 
4760801 476 7.83 3.000 21.6 0.027 2.200 0.036 1.00 7.6 52.0 58.3 20.4 27.7 
4241106 424 7.51 1.711 6.4 0.022 1.500 0.014 1.50 33.8 102.0 9.7 7.6 14.6 
1220303 122 7.63 1.741 29.2 0.075 2.400 0.037 1.40 8.0 129.0 32.3 21.2 29.2 
1631013 163 7.30 0.580 21.9 0.060 1.500 0.015 0.20 51.0 59.0 8.5 17.2 27.7 
5080506 508 7.35 3.050 5.5 0.038 3.100 0.040 1.00 5.0 59.0 23.7 9.6 17.9 
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Event ID Plant ID pH  
Cl Dose 
(mg/l) 
Temp 
(°C) 
Br 
(mg/l) 
TOC 
(mg/l) 
UV254 
(cm-1) 
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Cl (mg/l) 
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(μg/l) 
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B1 
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A1 
5440902 544 9.50 2.233 23.7 0.030 3.350 0.073 0.10 17.0 47.0 32.8 39.7 53.7 
4512613 451 6.70 3.144 27.4 0.015 2.400 0.032 1.20 28.8 35.0 47.0 37.0 39.6 
4590415 459 7.39 3.000 24.6 0.053 3.550 0.037 1.70 9.6 67.0 48.5 33.8 38.5 
5421005 542 8.28 3.900 13.6 0.077 2.550 0.041 2.90 14.8 126.0 27.4 26.9 35.2 
4890616 489 7.83 1.450 18.0 0.037 2.100 0.016 0.80 81.6 85.0 19.4 31.6 32.7 
4020806 402 7.30 2.150 5.1 0.047 2.500 0.031 1.30 5.6 6.0 8.2 7.1 13.0 
5360713 536 8.39 1.800 15.5 0.027 1.000 0.010 1.40 13.2 93.0 7.5 12.7 14.7 
1411106 141 7.70 0.563 10.0 0.021 2.150 0.024 0.10 155.6 53.0 33.6 17.1 30.4 
5230911 523 7.40 1.910 14.0 0.024 1.750 0.025 1.00 53.7 84.0 32.2 25.4 25.1 
3060515 306 8.93 5.989 26.7 0.166 10.000 0.264 2.00 43.2 31.0 188.2 158.6 191.8 
1271016 127 7.75 1.463 23.5 0.079 2.600 0.032 1.20 37.6 123.0 47.7 35.3 37.5 
1400403 140 8.40 0.528 18.3 0.007 1.000 0.020 0.40 157.6 17.0 40.0 20.2 24.3 
2150708 215 7.63 3.131 14.5 0.107 2.350 0.030 2.30 24.2 119.0 27.0 26.4 32.0 
2150702 215 7.10 3.031 25.9 0.107 3.450 0.045 2.20 24.2 103.0 57.6 41.6 48.6 
1180806 118 8.50 2.492 8.8 0.013 1.200 0.020 1.30 20.8 34.0 22.0 12.8 17.4 
2730301 273 7.80 2.344 27.0 0.036 1.900 0.026 0.70 27.6 56.0 35.8 34.0 34.2 
4230814 423 8.42 1.333 22.0 0.005 1.600 0.018 0.80 35.0 82.0 59.9 26.6 24.0 
4470309 447 7.62 2.504 11.6 0.020 1.500 0.025 1.50 6.1 27.0 9.3 10.5 13.4 
1860218 186 7.54 1.113 18.5 0.235 0.900 0.015 1.00 1.3 135.0 10.6 6.4 10.1 
5431502 543 7.90 3.288 27.4 0.040 1.500 0.024 2.20 7.8 85.0 47.1 16.8 27.6 
4380414 438 9.90 2.189 25.0 0.016 1.450 0.037 2.10 9.6 31.0 73.8 24.1 33.2 
3630603 363 7.40 2.729 22.8 0.051 3.650 0.037 0.30 40.0 146.0 57.3 47.3 51.0 
4690606 469 7.47 2.020 5.5 0.022 3.050 0.062 1.10 38.4 49.0 8.9 21.8 27.7 
2320803 232 8.44 0.673 22.0 0.003 1.000 0.011 0.50 6.0 140.0 20.4 9.9 9.2 
3820808 382 8.58 0.769 11.5 0.077 2.350 0.056 0.10 5.2 92.0 25.5 13.0 17.0 
2610804 261 7.10 1.169 17.6 0.011 2.150 0.021 0.80 76.8 22.0 9.2 27.4 30.0 
4130702 413 6.80 1.177 22.8 0.016 1.400 0.017 0.90 15.6 71.0 22.5 14.6 14.3 
1190606 119 7.83 1.733 15.6 0.069 1.800 0.025 1.40 25.4 170.0 16.2 24.2 23.1 
4160702 416 7.10 0.498 22.6 0.019 1.600 0.026 0.20 8.4 76.0 16.4 11.1 10.7 
5607306 560 7.46 3.654 6.0 0.103 2.050 0.028 2.20 67.1 66.0 32.3 20.4 34.1 
4380408 438 9.90 2.089 7.5 0.016 1.300 0.021 2.00 9.6 91.0 19.6 12.8 18.2 
1131216 113 8.07 4.152 15.4 0.003 0.900 0.018 4.00 25.6 26.0 12.4 17.5 24.5 
3430907 343 7.86 0.887 8.1 0.008 1.050 0.010 0.70 19.2 51.0 5.4 7.3 6.2 
2900804 290 7.70 4.032 24.8 0.040 1.950 0.038 2.20 17.6 122.0 7.3 30.9 38.3 
2510504 251 6.71 0.840 8.0 0.001 1.600 0.014 0.40 58.0 9.0 16.6 6.4 28.7 
3971214 397 8.87 1.045 29.6 0.054 2.800 0.078 0.20 28.0 96.0 23.5 37.1 47.4 
1220315 122 7.47 1.341 27.4 0.075 2.750 0.035 1.00 8.0 116.0 20.0 22.7 27.1 
2670810 267 7.40 1.649 9.5 0.030 1.900 0.023 1.10 51.6 54.0 24.7 19.4 27.6 
5570709 557 8.34 2.500 9.0 0.010 1.900 0.041 0.10 122.7 43.0 13.1 28.3 38.4 
1400406 140 8.50 0.528 13.3 0.007 0.900 0.009 0.40 157.6 15.0 37.0 15.0 19.3 
3720712 372 6.83 2.902 22.0 0.038 2.650 0.049 1.70 54.0 86.0 60.4 49.2 55.1 
3730815 373 7.77 1.430 23.0 0.018 3.000 0.065 0.10 84.4 240.0 88.2 46.7 50.0 
5250708 525 7.30 2.488 6.0 0.014 1.550 0.020 1.30 45.9 80.0 11.5 9.3 22.2 
1111401 111 7.95 2.898 25.2 0.003 1.900 0.037 2.00 31.3 13.0 22.7 34.0 37.6 
3290918 329 9.00 1.700 14.4 0.002 0.900 0.012 1.10 32.5 21.0 22.1 18.5 18.0 
2600717 260 7.45 0.750 13.4 0.018 1.700 0.044 0.10 52.8 93.0 6.6 16.5 18.8 
2880804 288 7.30 3.349 23.6 0.026 0.950 0.036 1.60 7.6 101.0 14.9 10.1 20.7 
2880816 288 7.40 3.449 23.4 0.026 1.300 0.031 1.70 7.6 100.0 21.7 13.6 22.7 
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2321003 232 8.40 1.073 21.7 0.003 1.100 0.012 0.90 6.0 135.0 31.4 10.8 11.4 
4890610 489 7.79 1.450 8.8 0.037 1.950 0.026 0.80 81.6 84.0 21.8 23.2 25.5 
5350904 535 8.46 1.800 15.1 0.029 0.850 0.013 1.20 12.2 42.0 14.7 11.4 14.2 
4480813 448 7.13 1.453 28.6 0.068 6.850 0.042 0.70 3.4 26.0 34.3 23.1 47.6 
5080509 508 7.24 3.050 7.1 0.038 2.200 0.041 1.00 5.0 59.0 20.8 9.8 14.9 
4241418 424 7.25 1.611 11.5 0.022 1.500 0.013 1.40 33.8 100.0 12.6 13.3 16.6 
1320307 132 7.74 1.790 14.0 0.079 1.300 0.023 1.20 11.4 152.0 14.7 12.6 15.3 
4490813 449 7.69 2.287 28.6 0.052 4.850 0.039 1.70 28.9 29.0 69.9 42.7 63.3 
3061009 306 7.29 4.189 24.0 0.166 11.000 0.267 0.20 43.2 48.0 131.2 114.7 179.9 
1320516 132 7.68 1.790 22.0 0.079 1.700 0.031 1.20 11.4 126.0 47.3 18.9 22.4 
5431511 543 8.20 4.188 17.6 0.040 1.000 0.025 3.10 7.8 95.0 61.4 12.5 23.8 
4910417 491 7.65 1.550 12.1 0.037 1.550 0.015 0.60 150.2 82.0 8.6 25.3 31.6 
4460509 446 7.32 2.139 11.0 0.006 1.600 0.025 1.40 9.7 23.0 15.5 10.1 11.6 
5594303 559 7.13 3.510 23.5 0.102 2.150 0.037 1.90 77.4 73.0 58.2 52.0 54.3 
1261001 126 7.31 1.220 26.5 0.052 2.550 0.033 0.70 37.6 129.0 68.1 31.3 34.0 
1050702 105 9.00 2.583 14.0 0.012 1.150 0.024 2.00 30.4 29.0 13.5 21.4 26.6 
4502001 450 5.70 4.336 26.0 0.015 2.700 0.034 2.40 28.8 19.0 44.3 34.4 37.6 
4090718 409 6.88 1.408 16.0 0.009 1.600 0.014 1.00 42.5 25.0 9.6 14.6 22.3 
1030917 103 7.63 2.388 18.0 0.018 1.600 0.023 1.80 52.8 116.0 36.4 28.4 36.2 
4090705 409 6.97 1.308 15.0 0.009 1.650 0.016 0.90 42.5 23.0 14.2 13.5 18.5 
4890707 489 7.82 1.950 4.1 0.037 1.750 0.020 1.30 81.6 80.0 13.3 11.0 22.8 
3180804 318 8.10 3.764 24.8 0.015 2.350 0.059 1.30 23.2 127.0 29.9 43.1 47.1 
3850513 385 7.30 4.225 26.0 0.048 2.850 0.045 3.80 33.6 88.0 50.9 53.4 55.2 
3252003 325 7.13 2.382 26.0 0.027 2.500 0.030 1.80 31.2 26.0 18.0 39.4 37.1 
5310616 531 9.00 1.215 17.2 0.116 0.800 0.018 1.10 44.2 82.0 13.4 19.5 22.9 
3720806 372 7.47 1.302 3.0 0.038 2.600 0.051 0.10 54.0 196.0 20.9 14.0 28.5 
4920716 492 6.54 0.302 17.0 0.001 2.150 0.025 0.10 92.8 12.0 13.1 10.1 16.0 
5230708 523 7.40 2.310 7.0 0.024 1.400 0.023 1.40 53.7 82.0 15.7 9.5 27.4 
1710711 171 7.86 1.725 16.8 0.058 2.600 0.044 1.30 13.6 103.0 54.1 23.6 26.3 
3730712 373 7.20 3.130 22.5 0.018 3.400 0.063 1.80 84.4 136.0 98.0 73.7 66.4 
4512013 451 5.70 3.044 27.0 0.015 2.550 0.032 1.10 28.8 13.0 31.2 29.9 30.6 
3290909 329 9.03 1.800 13.0 0.002 0.800 0.010 1.20 32.5 16.0 19.8 16.0 16.8 
4160708 416 7.41 0.998 1.3 0.019 2.000 0.027 0.70 8.4 89.0 15.4 4.4 5.6 
4140811 414 7.38 1.096 15.1 0.016 1.400 0.017 0.70 16.2 79.0 18.4 12.2 11.1 
5350701 535 8.10 2.000 14.9 0.029 0.900 0.016 1.40 12.2 52.0 5.9 11.5 14.1 
2670813 267 7.20 1.649 19.0 0.030 2.000 0.022 1.10 51.6 59.0 47.9 30.0 34.6 
2660816 266 7.30 2.521 18.0 0.001 1.450 0.031 2.10 64.6 14.0 31.1 19.7 47.9 
1800615 180 6.82 0.870 14.0 0.026 1.300 0.028 0.50 105.1 49.0 19.7 14.5 33.4 
1690811 169 7.78 2.050 16.1 0.070 2.450 0.042 1.60 7.7 107.0 46.3 21.4 23.4 
4460309 446 7.59 1.239 12.7 0.006 1.550 0.027 0.50 9.7 22.0 7.2 10.7 10.0 
4563004 456 5.81 1.641 16.0 0.017 2.300 0.024 0.40 41.0 5.0 11.3 18.1 19.8 
4890613 489 7.88 1.450 24.0 0.037 2.150 0.022 0.80 81.6 83.0 28.3 39.1 39.0 
1060914 106 8.90 2.267 14.0 0.004 1.400 0.024 1.70 26.4 25.0 14.3 21.8 23.8 
1180815 118 8.12 2.692 25.0 0.013 3.700 0.056 1.50 20.8 28.0 103.9 40.1 51.7 
1200406 120 7.77 1.125 12.2 0.051 1.850 0.027 0.70 25.0 150.0 8.6 17.3 17.7 
2150714 215 7.17 2.831 27.4 0.107 3.100 0.050 2.00 24.2 95.0 68.5 38.7 47.2 
4910502 491 7.65 2.250 20.3 0.037 1.800 0.014 1.30 150.2 81.0 13.5 36.4 44.9 
4470503 447 7.69 2.704 24.3 0.020 1.900 0.025 1.70 6.1 46.0 24.5 18.8 23.9 
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3273504 327 7.10 2.300 15.2 0.013 1.900 0.055 1.70 47.0 17.0 23.5 30.6 33.9 
3243009 324 7.00 2.695 12.0 0.061 1.400 0.030 1.90 31.2 20.0 12.6 15.7 21.9 
1290911 129 7.82 1.080 23.2 0.090 2.150 0.027 0.90 11.4 130.0 45.4 20.7 22.6 
2670807 267 7.30 1.749 6.0 0.030 1.700 0.024 1.20 51.6 65.0 34.6 10.0 24.7 
5241008 524 7.10 1.919 5.0 0.009 1.500 0.020 1.20 41.9 68.0 12.3 6.8 17.0 
1200409 120 7.91 1.325 15.6 0.051 1.750 0.028 0.90 25.0 178.0 12.5 21.1 20.8 
2630701 263 7.00 1.770 17.9 0.028 1.550 0.027 1.20 43.2 8.0 15.4 24.3 27.1 
4241409 424 7.60 1.611 4.6 0.022 1.700 0.020 1.40 33.8 104.0 13.9 7.1 13.6 
1230615 123 7.63 1.383 27.4 0.043 3.250 0.043 1.10 17.8 131.0 43.4 29.0 36.2 
4520810 452 6.87 0.440 17.9 0.023 1.900 0.026 0.10 37.6 11.0 6.0 12.4 23.4 
1380515 138 8.30 2.347 17.6 0.012 0.950 0.019 2.20 149.6 19.0 46.3 26.3 36.7 
3331017 333 7.55 1.700 17.4 0.001 1.800 0.011 1.40 38.4 22.0 10.3 17.8 21.2 
4730512 473 6.80 4.200 16.0 0.036 2.000 0.033 0.50 3.9 10.0 57.8 14.2 19.6 
3430904 343 6.10 1.087 15.8 0.008 1.000 0.010 0.90 19.2 50.0 5.3 6.4 16.6 
1391218 139 9.03 0.554 9.3 0.022 3.550 0.075 0.10 175.6 120.0 100.6 29.2 50.0 
4020812 402 7.52 2.150 20.8 0.047 2.400 0.039 1.30 5.6 10.0 28.5 18.4 23.5 
3121114 312 7.27 6.336 24.8 0.035 2.850 0.078 1.90 20.0 181.0 53.7 50.1 60.2 
2510607 251 7.75 1.640 6.0 0.001 1.100 0.015 1.20 58.0 47.0 26.0 6.9 11.9 
2550615 255 7.10 0.862 14.0 0.006 1.200 0.025 0.30 16.0 17.0 25.0 8.4 7.8 
1080806 108 7.90 3.125 10.0 0.045 1.100 0.017 2.30 14.8 68.0 24.4 10.0 17.0 
4900616 490 7.78 0.900 19.0 0.025 2.050 0.015 0.40 81.6 85.0 14.7 22.2 28.4 
4440718 444 6.62 4.875 9.0 0.001 1.900 0.032 0.80 31.2 11.0 28.8 14.7 28.4 
2610801 261 7.00 1.869 16.4 0.011 1.250 0.020 1.50 76.8 16.0 18.6 16.5 26.7 
2800310 280 8.00 4.057 29.0 0.044 1.100 0.023 2.00 10.0 114.0 5.6 16.8 30.6 
1210718 121 7.86 1.494 13.8 0.047 2.600 0.029 1.20 18.4 125.0 25.3 21.8 23.2 
4160808 416 7.16 1.198 3.1 0.019 2.000 0.026 0.90 8.4 88.0 15.5 5.0 6.5 
1050717 105 9.08 2.583 22.0 0.012 1.400 0.026 2.00 30.4 55.0 26.1 32.4 34.9 
4301404 430 9.90 0.881 14.4 0.054 2.200 0.076 0.10 48.0 38.0 9.7 35.6 41.9 
1391212 139 8.95 2.354 14.8 0.022 2.250 0.035 1.90 175.6 120.0 107.1 50.1 58.0 
2740516 274 7.70 3.311 15.0 0.033 1.600 0.031 1.50 30.8 59.0 37.6 22.1 28.9 
1320313 132 7.59 1.990 25.5 0.079 2.700 0.050 1.40 11.4 112.0 40.9 26.5 32.9 
4011018 401 7.78 4.710 9.4 0.008 1.100 0.017 0.50 25.6 27.0 27.9 11.0 22.8 
1060714 106 9.34 2.067 16.0 0.004 1.400 0.023 1.50 26.4 25.0 13.0 28.2 26.3 
1271113 127 7.76 2.263 21.0 0.079 2.200 0.027 2.00 37.6 118.0 50.3 37.8 37.0 
1320304 132 7.57 1.790 26.0 0.079 2.100 0.036 1.20 11.4 128.0 38.8 21.2 27.0 
3850501 385 6.80 3.725 29.0 0.048 3.050 0.031 3.30 33.6 59.0 48.8 49.5 53.4 
1180803 118 8.54 2.592 24.5 0.013 1.500 0.021 1.40 20.8 36.0 50.5 26.7 30.1 
1320310 132 7.67 1.790 17.0 0.079 2.550 0.053 1.20 11.4 122.0 22.1 22.4 25.6 
2321009 232 8.12 1.273 12.2 0.003 1.100 0.015 1.10 6.0 125.0 14.5 7.9 7.3 
1190615 119 7.77 2.333 27.2 0.069 2.600 0.034 2.00 25.4 118.0 49.7 35.7 41.4 
4490404 449 6.54 0.887 22.1 0.052 3.200 0.043 0.30 28.9 15.0 28.7 25.0 35.2 
1050914 105 9.07 2.083 21.0 0.012 1.600 0.024 1.50 30.4 29.0 20.4 32.9 32.7 
5421002 542 8.17 3.400 28.4 0.077 2.800 0.052 2.40 14.8 134.0 85.1 38.4 49.5 
2740507 274 7.30 3.511 6.0 0.033 1.700 0.036 1.70 30.8 46.0 21.6 13.6 23.1 
1290808 129 7.80 0.380 15.9 0.090 2.000 0.028 0.20 11.4 134.0 22.4 13.0 14.4 
3190803 319 7.99 4.664 26.1 0.014 1.100 0.022 1.30 42.0 111.0 15.6 29.6 43.8 
5440914 544 9.90 2.333 27.7 0.030 3.700 0.076 0.20 17.0 55.0 45.4 45.9 66.4 
4760810 476 7.74 2.900 14.3 0.027 2.300 0.032 0.90 7.6 60.0 77.2 19.2 22.1 
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1070906 107 7.80 3.075 10.0 0.060 1.200 0.018 2.30 36.8 68.0 26.6 13.8 22.6 
3710812 371 7.40 1.268 20.0 0.064 2.300 0.054 0.20 147.2 224.0 50.2 46.0 49.3 
5581406 558 7.44 3.294 6.5 0.017 1.750 0.029 2.10 77.6 39.0 30.9 16.3 30.4 
4130714 413 7.05 1.077 24.8 0.016 1.600 0.012 0.80 15.6 76.0 22.9 15.4 15.4 
5240808 524 6.80 2.219 4.0 0.009 1.250 0.017 1.50 41.9 68.0 8.2 5.2 17.2 
3710712 371 7.31 2.968 19.0 0.064 2.250 0.042 1.90 147.2 210.0 46.9 59.7 59.4 
3050504 305 9.10 0.955 27.0 0.086 6.100 0.187 0.40 9.7 42.0 17.9 39.4 68.3 
3681201 368 8.85 0.775 24.6 0.021 3.800 0.080 0.20 23.0 32.0 8.3 34.0 44.2 
1040908 104 8.90 1.750 22.0 0.019 1.150 0.023 1.10 43.2 26.0 21.0 29.9 32.0 
2730501 273 7.80 3.544 28.0 0.036 1.800 0.025 1.90 27.6 59.0 65.4 35.3 40.4 
4890607 489 7.68 1.750 3.2 0.037 1.700 0.021 1.10 81.6 77.0 12.2 9.0 20.7 
5140416 514 7.58 0.639 13.0 0.002 2.100 0.036 0.10 36.3 64.0 14.3 16.0 17.0 
4200502 420 7.80 1.245 12.5 0.063 1.100 0.014 0.20 3.0 309.0 2.9 7.4 8.1 
5310810 531 9.30 1.215 12.6 0.116 1.200 0.013 1.10 44.2 89.0 18.5 21.2 23.2 
3130310 313 7.14 2.944 26.7 0.058 1.900 0.035 1.70 69.7 144.0 15.8 42.5 48.0 
3971205 397 8.94 0.945 20.9 0.054 2.500 0.068 0.10 28.0 94.0 17.5 31.7 35.9 
1060908 106 8.90 2.267 10.0 0.004 1.450 0.027 1.70 26.4 21.0 15.1 18.1 21.6 
3150812 315 7.70 3.353 25.0 0.031 3.500 0.106 2.50 2.1 226.0 24.0 26.8 36.5 
1030908 103 7.94 2.688 9.4 0.018 1.200 0.022 2.10 52.8 38.0 21.2 14.6 29.9 
5570706 557 7.94 2.500 9.0 0.010 1.700 0.044 0.10 122.7 46.0 26.8 25.8 35.5 
2060908 206 7.70 0.973 10.5 0.005 1.000 0.018 0.60 31.4 25.0 1.7 9.4 9.8 
4130605 413 7.18 1.077 8.8 0.016 1.200 0.012 0.80 15.6 68.0 14.4 6.2 6.5 
3470812 347 7.60 1.950 17.5 0.020 1.850 0.016 0.70 27.0 95.0 23.7 22.2 22.6 
1211318 121 7.89 1.494 11.4 0.047 2.500 0.029 1.20 18.4 125.0 22.8 20.8 21.0 
5310813 531 9.10 1.115 16.7 0.116 1.050 0.019 1.00 44.2 86.0 26.8 23.3 27.5 
1310501 131 7.83 1.537 25.0 0.078 1.900 0.044 1.00 11.3 124.0 56.4 21.2 25.7 
3970914 397 8.96 0.945 30.8 0.054 2.800 0.078 0.10 28.0 98.0 22.4 37.8 47.8 
3630606 363 7.60 2.729 5.8 0.051 4.050 0.031 0.30 40.0 168.0 95.8 24.2 35.1 
4760613 476 6.96 3.000 24.4 0.027 2.750 0.044 1.00 7.6 60.0 43.7 24.8 29.3 
4460303 446 8.88 1.539 24.0 0.006 2.300 0.033 0.80 9.7 41.0 27.8 25.9 28.0 
4450812 445 7.37 2.532 23.4 0.016 1.800 0.024 1.40 31.2 26.0 62.0 30.0 30.4 
1380603 138 8.80 1.047 19.5 0.012 1.000 0.021 0.90 149.6 22.0 42.3 29.9 31.4 
5080418 508 7.41 2.650 9.7 0.038 3.250 0.054 0.60 5.0 59.0 14.5 17.4 21.2 
2880801 288 7.50 3.349 23.7 0.026 1.200 0.033 1.60 7.6 101.0 12.8 13.2 22.6 
3541213 354 7.52 1.780 21.6 0.018 2.050 0.019 0.70 9.9 91.0 18.8 19.4 19.7 
2600702 260 7.12 0.750 21.0 0.018 1.500 0.047 0.10 52.8 59.0 9.5 20.1 30.0 
4450818 445 7.43 2.232 12.5 0.016 1.450 0.026 1.10 31.2 22.0 24.2 16.5 20.0 
4440809 444 7.25 5.275 8.7 0.001 0.950 0.014 1.20 31.2 17.0 16.1 9.0 21.1 
3720718 372 7.30 2.902 10.0 0.038 2.150 0.040 1.70 54.0 210.0 24.9 25.2 31.5 
1153014 115 8.00 1.430 30.0 0.002 1.500 0.015 1.00 44.6 10.0 41.3 28.0 30.4 
4480816 448 7.51 1.553 23.1 0.068 3.100 0.042 0.80 3.4 28.0 38.8 17.0 24.8 
2670713 267 6.90 1.649 22.0 0.030 1.650 0.022 1.10 51.6 51.0 41.2 26.6 34.8 
3180813 318 6.90 3.664 25.3 0.015 2.150 0.068 1.20 23.2 106.0 24.1 36.4 39.7 
5080409 508 7.40 2.950 7.3 0.038 2.800 0.041 0.90 5.0 67.0 18.1 11.9 17.8 
4241109 424 7.66 1.811 3.6 0.022 1.800 0.021 1.60 33.8 104.0 13.6 7.1 14.5 
1131204 113 9.32 4.652 14.9 0.003 0.900 0.009 4.50 25.6 35.0 24.8 17.3 29.1 
4910408 491 7.43 1.950 3.3 0.037 1.600 0.023 1.00 150.2 97.0 12.3 9.8 29.1 
4330914 433 9.76 0.849 26.7 0.121 2.200 0.073 0.10 49.4 31.0 25.1 38.7 49.8 
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2060717 206 6.60 0.873 15.8 0.005 0.750 0.011 0.50 31.4 12.0 22.2 6.0 12.7 
1271008 127 7.94 1.863 13.0 0.079 2.100 0.024 1.60 37.6 121.0 26.3 27.2 28.3 
1153008 115 8.00 1.330 11.0 0.002 1.300 0.016 0.90 44.6 10.0 13.4 13.3 17.6 
1050908 105 9.10 1.983 10.5 0.012 1.700 0.036 1.40 30.4 29.0 17.6 22.9 26.2 
4530811 453 8.80 1.676 18.2 0.049 3.500 0.045 0.70 37.6 70.0 70.6 36.4 47.1 
5251005 525 7.30 2.388 10.0 0.014 1.400 0.015 1.20 45.9 80.0 11.1 12.1 23.0 
2600617 260 7.55 0.750 13.6 0.018 1.650 0.046 0.10 52.8 94.0 6.8 17.2 18.8 
4180717 418 7.70 2.030 9.2 0.027 1.700 0.026 1.10 88.8 109.0 24.2 21.2 27.6 
1081215 108 7.90 1.625 29.0 0.045 1.600 0.019 0.80 14.8 61.0 40.4 21.6 24.8 
4900613 490 7.90 0.800 22.0 0.025 1.900 0.023 0.30 81.6 84.0 18.3 26.4 29.7 
4390904 439 8.80 2.335 25.2 0.013 3.100 0.052 0.40 45.4 20.0 39.3 49.6 58.6 
4920810 492 9.70 1.802 4.0 0.001 1.750 0.027 1.60 92.8 37.0 16.9 18.4 27.9 
4502607 450 6.80 3.836 8.9 0.015 3.050 0.032 1.90 28.8 31.0 38.5 22.9 31.3 
4470512 447 7.81 2.604 26.6 0.020 1.800 0.030 1.60 6.1 39.0 31.0 18.1 24.9 
4180708 418 7.44 2.030 4.2 0.027 1.800 0.037 1.10 88.8 105.0 17.2 12.2 25.1 
3060518 306 9.32 4.189 25.5 0.166 8.800 0.231 0.20 43.2 62.0 176.0 112.1 191.4 
4140705 414 7.07 1.196 6.6 0.016 1.000 0.010 0.80 16.2 68.0 8.7 5.0 4.9 
4900713 490 7.94 1.800 22.0 0.025 1.850 0.021 1.30 81.6 82.0 18.8 35.8 36.8 
1190706 119 7.71 1.433 19.4 0.069 1.850 0.025 1.10 25.4 164.0 31.9 24.1 23.9 
4840909 484 8.31 1.104 8.6 0.010 1.000 0.010 0.80 16.0 43.0 11.4 7.2 8.0 
1200412 120 7.73 1.125 22.2 0.051 3.200 0.060 0.70 25.0 106.0 20.6 30.6 35.2 
3343005 334 8.90 2.000 18.0 0.018 1.400 0.021 1.40 45.6 24.0 39.5 28.4 33.6 
3050404 305 8.90 1.255 27.0 0.086 6.150 0.198 0.70 9.7 52.0 17.9 37.7 71.8 
4230817 423 8.29 1.533 12.0 0.005 1.500 0.014 1.00 35.0 83.0 22.3 17.6 18.4 
1081209 108 7.60 1.625 13.0 0.045 5.500 0.014 0.80 14.8 61.0 32.5 18.6 35.8 
3850504 385 7.40 3.525 20.0 0.048 4.250 0.043 3.10 33.6 96.0 62.0 49.5 56.8 
3860504 386 7.00 1.865 21.0 0.044 4.050 0.042 0.20 20.8 84.0 58.5 32.8 37.8 
3930310 393 6.94 3.700 16.5 0.061 2.600 0.046 2.60 24.3 86.0 20.5 34.8 35.9 
5440708 544 9.83 2.233 14.1 0.030 3.450 0.070 0.10 17.0 41.0 33.4 35.4 44.8 
5380814 538 6.42 1.620 24.7 0.039 3.100 0.045 0.30 44.8 47.0 30.1 38.5 50.3 
3273313 327 6.44 1.200 19.7 0.013 1.100 0.017 0.60 47.0 10.0 16.3 11.0 30.5 
1040905 104 8.60 2.450 16.0 0.019 1.800 0.030 1.80 43.2 36.0 25.1 31.2 36.3 
5607303 560 7.40 3.254 24.5 0.103 2.350 0.044 1.80 67.1 71.0 30.5 57.5 77.2 
4073004 407 8.05 2.391 22.1 0.025 1.600 0.020 1.90 33.8 33.0 23.4 29.4 31.2 
4660408 466 6.40 1.691 9.9 0.049 2.250 0.030 0.70 13.0 18.0 48.3 11.9 15.7 
3710809 371 7.48 1.268 8.0 0.064 3.050 0.062 0.20 147.2 226.0 32.9 32.9 43.6 
4880402 488 7.70 1.735 18.0 0.034 2.300 0.019 1.10 18.2 77.0 24.6 22.4 23.4 
1631001 163 7.50 0.480 22.6 0.060 1.350 0.016 0.10 51.0 70.0 4.1 17.8 20.2 
3430710 343 6.46 1.087 9.9 0.008 1.200 0.010 0.90 19.2 39.0 2.8 5.2 9.2 
2670707 267 6.70 0.949 9.0 0.030 1.800 0.023 0.40 51.6 48.0 25.9 10.5 28.6 
3190703 319 7.97 4.664 26.0 0.014 1.100 0.022 1.30 42.0 114.0 17.9 26.3 41.5 
4010806 401 5.52 4.310 4.0 0.008 1.900 0.029 0.10 25.6 4.0 22.4 5.9 13.2 
4450715 445 6.23 1.932 26.3 0.016 1.850 0.026 0.80 31.2 18.0 20.5 23.5 35.2 
5260902 526 7.50 1.340 22.0 0.014 1.750 0.014 1.00 60.2 78.0 28.6 27.3 39.4 
1131213 113 9.37 4.852 13.8 0.003 1.100 0.023 4.70 25.6 20.0 21.3 23.3 34.3 
3730709 373 7.23 3.030 8.0 0.018 2.300 0.037 1.70 84.4 200.0 31.8 25.1 36.0 
3273316 327 6.10 1.200 14.8 0.013 1.200 0.015 0.60 47.0 13.0 10.7 9.0 13.6 
2150814 215 7.21 0.931 27.7 0.107 4.150 0.063 0.10 24.2 96.0 83.3 30.0 43.4 
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1261113 126 7.70 2.420 27.5 0.052 3.300 0.054 1.90 37.6 101.0 72.8 45.9 55.0 
5350913 535 8.55 1.800 14.9 0.029 0.700 0.010 1.20 12.2 45.0 14.3 10.0 13.3 
4760610 476 6.76 3.200 13.8 0.027 2.350 0.032 1.20 7.6 40.0 51.3 17.7 19.3 
2600711 260 7.63 0.750 14.0 0.018 1.500 0.039 0.10 52.8 108.0 4.7 16.0 17.7 
5360907 536 8.32 1.300 12.8 0.027 0.700 0.011 0.90 13.2 103.0 9.9 8.5 9.8 
4231014 423 8.43 1.333 22.0 0.005 2.450 0.017 0.80 35.0 80.0 66.3 28.0 30.3 
4540317 454 9.00 1.438 17.0 0.105 2.100 0.040 0.90 41.9 137.0 26.6 33.5 38.2 
4230811 423 8.86 1.633 9.0 0.005 1.400 0.020 1.10 35.0 86.0 34.0 18.1 19.4 
3180713 318 6.99 2.664 25.1 0.015 2.100 0.074 0.20 23.2 111.0 18.8 34.0 34.4 
2740504 274 7.60 3.511 18.0 0.033 1.700 0.033 1.70 30.8 59.0 33.3 28.8 33.3 
1071115 107 8.30 1.575 28.0 0.060 1.400 0.013 0.80 36.8 69.0 43.6 28.1 30.5 
3850516 385 7.38 3.825 20.6 0.048 2.800 0.026 3.40 33.6 99.0 57.0 41.1 44.8 
1030902 103 7.91 2.788 24.0 0.018 1.500 0.025 2.20 52.8 85.0 49.2 32.4 43.5 
4470303 447 7.75 2.604 24.7 0.020 1.900 0.025 1.60 6.1 45.0 17.4 18.8 23.6 
4200402 420 7.51 2.045 12.5 0.063 1.150 0.013 1.00 3.0 317.0 4.4 7.3 9.6 
5570618 557 6.70 4.000 8.0 0.010 1.600 0.023 1.60 122.7 32.0 23.0 16.5 47.7 
1320510 132 7.73 1.690 16.0 0.079 2.500 0.052 1.10 11.4 122.0 41.3 22.4 24.4 
2730307 273 7.60 2.144 9.0 0.036 2.350 0.061 0.50 27.6 47.0 12.2 21.2 24.7 
5400716 540 8.30 0.861 18.0 0.044 2.300 0.038 0.10 49.8 120.0 24.9 25.8 34.9 
4480401 448 7.28 1.253 28.9 0.068 2.600 0.040 0.50 3.4 26.0 36.2 18.7 22.8 
1071106 107 8.10 2.575 10.0 0.060 1.200 0.017 1.80 36.8 72.0 24.3 15.2 23.1 
4200405 420 7.26 2.445 9.0 0.063 0.700 0.011 1.40 3.0 298.0 2.8 4.4 6.5 
1380506 138 9.00 0.647 12.5 0.012 0.950 0.009 0.50 149.6 16.0 31.8 17.7 21.7 
1290917 129 7.81 1.180 18.7 0.090 2.150 0.025 1.00 11.4 126.0 30.1 19.6 20.6 
5130613 513 7.55 2.050 18.0 0.005 2.750 0.024 0.40 18.0 120.0 52.4 25.2 25.1 
4730709 473 7.70 5.300 9.0 0.036 1.400 0.019 1.60 3.9 19.0 44.6 8.1 17.7 
1310301 131 7.64 1.937 25.0 0.078 1.750 0.044 1.40 11.3 124.0 39.0 19.1 25.9 
1710717 171 7.74 2.925 20.6 0.058 2.250 0.027 2.50 13.6 122.0 28.4 25.5 30.0 
3243018 324 7.30 2.795 16.0 0.061 2.200 0.017 2.00 31.2 34.0 25.5 25.1 29.7 
3840417 384 8.18 1.755 10.1 0.050 3.100 0.066 1.00 48.6 172.0 17.9 33.8 36.1 
5251017 525 7.30 2.488 13.0 0.014 1.500 0.015 1.30 45.9 80.0 14.0 17.4 25.9 
4690609 469 7.33 1.820 6.6 0.022 1.800 0.038 0.90 38.4 35.0 6.8 12.0 19.7 
1310304 131 7.77 1.937 21.0 0.078 1.350 0.018 1.40 11.3 142.0 21.9 16.0 19.4 
4564516 456 7.56 1.641 17.4 0.017 2.500 0.032 0.40 41.0 13.0 55.5 32.2 31.8 
3930316 393 7.61 4.300 26.9 0.061 2.900 0.071 3.20 24.3 138.0 37.0 55.8 57.9 
5400707 540 8.40 1.061 6.0 0.044 2.400 0.041 0.30 49.8 125.0 42.4 17.7 22.8 
3261116 326 5.85 1.600 20.3 0.043 1.600 0.014 0.60 30.6 18.0 13.6 13.8 15.0 
1700711 170 7.83 2.263 19.8 0.052 2.700 0.035 1.70 5.3 105.0 71.4 20.7 25.8 
3130314 313 6.80 2.144 28.8 0.058 1.500 0.028 0.90 69.7 152.0 48.8 30.3 41.3 
5594318 559 7.36 3.610 12.0 0.102 2.200 0.028 2.00 77.4 95.0 41.9 34.6 42.4 
4090708 409 6.62 1.808 8.5 0.009 1.900 0.019 1.40 42.5 24.0 8.5 11.8 21.0 
1040711 104 7.21 1.850 19.0 0.019 1.300 0.027 1.20 43.2 45.0 20.6 23.5 25.9 
5070804 507 6.96 2.000 18.9 0.009 3.100 0.053 1.10 4.7 56.0 59.5 19.0 21.0 
3190718 319 7.85 4.964 24.6 0.014 1.050 0.022 1.60 42.0 108.0 13.5 24.9 40.9 
3110907 311 7.37 2.453 16.9 0.056 3.400 0.070 0.10 48.0 54.0 51.5 49.9 50.6 
3710815 371 7.58 1.168 22.0 0.064 3.000 0.067 0.10 147.2 240.0 76.5 46.3 58.4 
4460305 446 8.61 1.439 15.1 0.006 2.300 0.029 0.70 9.7 29.0 14.3 23.0 20.2 
3430704 343 5.50 1.187 17.6 0.008 0.900 0.010 1.00 19.2 37.0 2.0 5.7 2.3 
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5400804 540 7.59 0.861 16.0 0.044 2.750 0.056 0.10 49.8 110.0 52.4 25.0 30.0 
4480801 448 7.23 2.053 29.1 0.068 2.550 0.040 1.30 3.4 23.0 57.0 17.5 26.2 
4072710 407 6.00 2.091 13.5 0.025 1.900 0.017 1.60 33.8 4.0 13.4 14.1 38.4 
1040917 104 8.45 2.350 24.0 0.019 1.500 0.026 1.70 43.2 60.0 33.1 32.6 38.1 
1200403 120 7.73 1.325 26.1 0.051 2.400 0.038 0.90 25.0 134.0 31.4 29.4 31.9 
4241403 424 7.55 1.611 18.6 0.022 1.500 0.011 1.40 33.8 100.0 19.1 20.2 19.7 
4502610 450 7.10 2.736 18.9 0.015 2.250 0.030 0.80 28.8 28.0 51.5 30.7 30.2 
3190812 319 7.77 4.564 26.4 0.014 1.300 0.025 1.20 42.0 117.0 15.8 33.5 44.9 
1380512 138 8.90 1.847 15.0 0.012 1.050 0.025 1.70 149.6 16.0 53.0 28.6 36.1 
1153002 115 7.40 1.830 29.0 0.002 1.400 0.013 1.40 44.6 10.0 29.9 23.4 25.7 
2600611 260 7.67 0.750 12.8 0.018 1.500 0.037 0.10 52.8 107.0 4.7 15.3 24.0 
1131210 113 10.00 5.352 12.2 0.003 1.000 0.028 5.20 25.6 25.0 26.5 24.6 39.0 
4180917 418 7.68 2.130 8.0 0.027 1.550 0.021 1.20 88.8 107.0 22.3 16.9 25.7 
1220515 122 7.63 1.641 27.8 0.075 2.700 0.031 1.30 8.0 118.0 60.4 22.4 29.0 
1830704 183 7.24 2.213 21.0 0.033 1.400 0.031 1.70 20.7 165.0 70.6 20.7 22.2 
4521010 452 7.73 4.040 18.2 0.023 1.800 0.043 3.70 37.6 19.0 33.2 30.2 40.3 
2041018 204 8.50 1.210 10.5 0.002 0.800 0.013 0.70 32.8 48.0 8.7 7.4 10.1 
5440717 544 9.53 2.333 18.2 0.030 3.200 0.066 0.20 17.0 36.0 24.7 36.7 46.7 
3030811 303 7.21 2.010 26.4 0.158 0.850 0.014 1.90 3.8 214.0 5.5 9.4 15.0 
1230612 123 7.70 1.683 25.5 0.043 3.300 0.060 1.40 17.8 116.0 42.3 33.9 39.1 
4180902 418 7.58 2.530 15.0 0.027 1.700 0.017 1.60 88.8 110.0 14.1 28.2 33.7 
4130614 413 7.15 1.077 26.4 0.016 1.500 0.012 0.80 15.6 78.0 19.9 16.0 15.7 
3343008 334 9.10 2.400 11.0 0.018 1.200 0.031 1.80 45.6 22.0 27.6 19.9 28.0 
1290908 129 7.83 1.380 14.8 0.090 2.050 0.024 1.20 11.4 132.0 23.9 17.3 18.6 
1820713 182 6.53 1.945 18.0 0.111 1.700 0.016 0.90 22.2 95.0 25.0 18.4 22.3 
1230803 123 7.69 1.783 26.0 0.043 2.050 0.026 1.50 17.8 164.0 43.8 23.4 27.7 
5608503 560 7.32 1.554 24.5 0.103 2.350 0.045 0.10 67.1 71.0 83.2 45.4 64.8 
1430403 143 8.73 0.527 19.1 0.008 0.900 0.018 0.40 153.6 19.0 44.0 20.1 24.5 
3290718 329 6.35 1.100 12.1 0.002 0.850 0.012 0.50 32.5 7.0 9.9 5.6 16.1 
5241005 524 7.10 2.019 9.0 0.009 2.400 0.014 1.30 41.9 69.0 11.1 15.0 21.5 
1710714 171 7.55 2.925 24.0 0.058 2.350 0.033 2.50 13.6 97.0 36.6 27.0 32.9 
2320818 232 8.30 0.773 8.7 0.003 2.150 0.031 0.60 6.0 149.0 12.0 10.2 9.7 
4900701 490 7.59 1.600 22.5 0.025 1.950 0.028 1.10 81.6 80.0 18.4 39.0 36.7 
3971217 397 8.78 1.045 22.7 0.054 2.550 0.080 0.20 28.0 85.0 17.8 35.3 38.8 
4530614 453 8.80 2.376 25.3 0.049 3.000 0.046 1.40 37.6 71.0 72.1 45.8 56.6 
3930313 393 7.16 2.400 28.0 0.061 3.100 0.086 1.30 24.3 98.0 45.2 41.9 48.1 
4900607 490 7.97 1.600 2.0 0.025 1.800 0.020 1.10 81.6 83.0 7.7 8.9 19.6 
1391206 139 8.40 1.654 10.9 0.022 3.000 0.036 1.20 175.6 100.0 85.7 47.5 51.3 
3600609 360 7.90 3.073 8.0 0.123 2.300 0.046 1.00 23.2 212.0 50.6 18.7 28.0 
2610810 261 6.60 1.069 8.0 0.011 1.700 0.021 0.70 76.8 14.0 20.7 9.9 29.8 
4090818 409 9.04 1.308 12.0 0.009 1.500 0.010 0.90 42.5 49.0 13.4 20.3 22.8 
3342011 334 6.30 1.500 19.0 0.018 1.300 0.023 0.90 45.6 12.0 13.6 12.2 35.7 
3110911 311 7.48 2.553 28.3 0.056 1.750 0.042 0.20 48.0 119.0 47.3 38.7 45.8 
4072713 407 5.63 2.491 25.6 0.025 1.850 0.016 2.00 33.8 9.0 18.4 19.8 23.0 
2200703 220 7.70 1.693 27.0 0.236 5.500 0.070 1.00 22.0 144.0 81.0 36.5 64.2 
4180911 418 7.60 2.130 7.5 0.027 1.900 0.023 1.20 88.8 107.0 29.7 20.9 27.8 
1081212 108 7.80 1.525 27.0 0.045 1.400 0.016 0.70 14.8 64.0 50.3 20.6 21.1 
2510501 251 6.62 1.040 14.5 0.001 1.700 0.015 0.60 58.0 8.0 20.5 11.5 23.9 
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1070909 107 7.50 3.575 15.0 0.060 1.150 0.015 2.80 36.8 60.0 30.2 17.0 26.4 
2660804 266 7.20 2.521 18.0 0.001 1.700 0.025 2.10 64.6 17.0 50.2 23.0 48.8 
4140702 414 7.27 1.196 21.9 0.016 1.200 0.011 0.80 16.2 74.0 15.0 12.9 12.7 
4180702 418 7.54 2.430 14.2 0.027 1.600 0.015 1.50 88.8 110.0 16.0 25.8 31.3 
3820802 382 8.57 0.769 22.0 0.077 2.150 0.048 0.10 5.2 70.0 37.1 16.8 21.6 
4910402 491 7.74 2.150 22.0 0.037 1.800 0.014 1.20 150.2 84.0 20.0 38.7 45.8 
4910505 491 7.59 2.350 10.9 0.037 1.750 0.019 1.40 150.2 86.0 13.9 28.5 37.9 
2660813 266 7.40 2.521 14.0 0.001 1.350 0.024 2.10 64.6 18.0 28.3 15.3 24.7 
3190815 319 7.96 4.964 25.8 0.014 1.800 0.016 1.60 42.0 110.0 11.1 40.2 47.7 
2391407 239 7.11 2.100 14.0 0.016 1.550 0.018 0.10 22.2 71.0 7.3 15.0 16.3 
4910508 491 7.41 1.950 4.3 0.037 1.600 0.023 1.00 150.2 83.0 17.7 10.3 30.0 
4920704 492 6.47 0.302 15.0 0.001 1.800 0.025 0.10 92.8 24.0 13.2 8.6 12.2 
2790614 279 8.62 4.936 25.0 0.034 0.700 0.015 0.60 52.8 39.0 13.7 26.7 49.7 
1152008 115 5.80 1.530 12.0 0.002 1.550 0.015 1.10 44.6 4.0 6.6 8.9 11.8 
4564507 456 7.51 1.741 7.2 0.017 2.050 0.017 0.50 41.0 14.0 28.1 14.1 18.0 
3740815 374 6.96 3.263 23.5 0.016 2.450 0.038 1.90 72.2 74.0 33.6 51.0 52.3 
3400613 340 9.63 1.250 20.6 0.046 1.100 0.028 0.60 27.7 42.0 16.0 25.9 27.7 
3050507 305 8.90 0.755 26.0 0.086 5.000 0.175 0.20 9.7 44.0 15.6 33.6 53.4 
2180903 218 8.00 1.319 25.5 0.091 2.250 0.041 0.80 26.4 118.0 61.4 29.4 33.4 
4690612 469 7.30 1.820 15.6 0.022 2.500 0.054 0.90 38.4 31.0 13.6 32.6 31.7 
1290905 129 7.48 1.280 19.5 0.090 2.200 0.026 1.10 11.4 132.0 33.4 20.4 20.8 
4160705 416 7.40 0.498 10.6 0.019 1.700 0.014 0.20 8.4 82.0 58.4 7.5 6.3 
4900610 490 7.83 1.600 5.0 0.025 1.900 0.021 1.10 81.6 83.0 20.6 12.6 22.2 
1380606 138 8.90 0.947 12.5 0.012 0.900 0.010 0.80 149.6 17.0 31.8 18.4 23.1 
3740915 374 7.00 1.463 23.0 0.016 2.950 0.052 0.10 72.2 80.0 53.6 44.7 45.1 
5140610 514 7.55 1.439 5.0 0.002 2.200 0.030 0.90 36.3 59.0 12.7 9.5 16.2 
1211306 121 7.96 1.494 12.5 0.047 2.350 0.030 1.20 18.4 126.0 24.3 20.4 21.4 
1190715 119 7.86 1.633 26.7 0.069 2.600 0.034 1.30 25.4 118.0 60.5 30.9 36.9 
1411206 141 8.60 1.463 11.0 0.021 2.000 0.022 1.00 155.6 64.0 54.2 35.4 37.5 
2620801 262 7.60 1.599 18.3 0.014 1.300 0.023 1.10 105.6 14.0 38.7 28.9 29.8 
5440917 544 9.55 2.333 17.9 0.030 3.100 0.071 0.20 17.0 38.0 24.9 38.1 46.9 
1680714 168 7.64 2.033 17.2 0.072 2.400 0.049 1.50 9.6 89.0 38.3 22.7 24.7 
4290708 429 9.61 1.388 12.0 0.161 1.650 0.051 0.40 28.6 53.0 4.1 28.0 30.6 
4440712 444 6.48 5.075 23.9 0.001 1.000 0.018 1.00 31.2 9.0 27.8 11.7 33.1 
1261101 126 7.43 2.020 27.8 0.052 2.450 0.034 1.50 37.6 129.0 63.4 39.1 41.5 
1131207 113 9.24 4.952 11.2 0.003 1.400 0.029 4.80 25.6 29.0 32.1 24.8 34.6 
4920813 492 9.15 1.802 19.0 0.001 2.700 0.056 1.60 92.8 36.0 50.5 48.1 54.7 
4730518 473 7.10 4.200 8.0 0.036 2.800 0.029 0.50 3.9 24.0 33.8 10.9 18.8 
4073001 407 8.91 2.391 23.6 0.025 1.300 0.016 1.90 33.8 39.0 44.5 29.0 33.1 
4502004 450 6.20 3.436 19.8 0.015 2.600 0.035 1.50 28.8 17.0 31.3 31.1 41.1 
3190709 319 8.00 4.964 25.0 0.014 1.000 0.023 1.60 42.0 110.0 14.5 24.4 41.8 
4480413 448 7.13 1.453 28.6 0.068 7.100 0.039 0.70 3.4 28.0 36.4 23.2 49.1 
4090808 409 8.63 1.708 7.5 0.009 2.000 0.019 1.30 42.5 40.0 15.8 18.4 21.5 
2550609 255 7.20 0.762 4.0 0.006 1.300 0.021 0.20 16.0 24.0 17.8 4.4 3.5 
2391607 239 8.57 3.000 14.0 0.016 1.450 0.011 1.00 22.2 101.0 23.1 18.5 23.4 
5250717 525 7.30 2.688 15.0 0.014 1.450 0.016 1.50 45.9 80.0 12.5 19.6 24.2 
5310610 531 9.30 1.215 13.8 0.116 1.100 0.016 1.10 44.2 84.0 10.1 22.7 23.8 
1040902 104 8.90 2.750 21.0 0.019 1.250 0.022 2.10 43.2 30.0 30.3 31.6 38.0 
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5140604 514 7.78 1.439 16.0 0.002 2.100 0.027 0.90 36.3 64.0 6.2 24.2 22.1 
4521013 452 5.01 5.340 28.3 0.023 2.650 0.051 5.00 37.6 22.0 29.7 35.9 45.7 
5260717 526 7.40 1.940 14.0 0.014 1.650 0.019 1.60 60.2 86.0 10.0 22.1 24.4 
1070915 107 7.40 3.375 28.0 0.060 1.400 0.018 2.60 36.8 70.0 46.0 32.5 37.5 
5080415 508 7.23 3.250 24.0 0.038 3.550 0.051 1.20 5.0 65.0 51.2 29.7 34.7 
5607318 560 7.54 3.254 11.5 0.103 2.200 0.029 1.80 67.1 84.0 52.1 33.5 61.2 
4440812 444 7.56 5.375 23.9 0.001 1.000 0.016 1.30 31.2 21.0 39.1 21.0 33.4 
4530814 453 8.85 1.976 25.2 0.049 3.050 0.047 1.00 37.6 71.0 82.2 45.2 55.0 
1710702 171 7.64 2.125 27.0 0.058 2.500 0.030 1.70 13.6 102.0 37.2 26.2 32.3 
4380417 438 10.00 1.689 17.0 0.016 1.600 0.034 1.60 9.6 71.0 28.2 22.6 26.6 
1220512 122 7.73 1.741 23.5 0.075 3.100 0.053 1.40 8.0 102.0 45.0 25.5 31.6 
1810603 181 7.20 0.795 21.2 0.012 1.150 0.023 0.40 228.5 51.0 41.7 21.7 43.8 
2060911 206 8.15 0.973 13.0 0.005 0.800 0.015 0.60 31.4 25.0 20.6 9.9 11.0 
4890713 489 8.03 1.950 24.0 0.037 2.000 0.022 1.30 81.6 84.0 30.0 43.8 42.1 
4010618 401 5.23 4.810 6.1 0.008 1.900 0.030 0.60 25.6 4.0 32.5 7.4 15.6 
5080406 508 7.48 2.950 5.0 0.038 4.050 0.041 0.90 5.0 57.0 21.6 11.2 21.8 
4072704 407 6.30 2.791 23.2 0.025 1.600 0.022 2.30 33.8 19.0 8.8 22.0 35.2 
4490416 449 6.46 1.387 21.5 0.052 2.900 0.041 0.80 28.9 18.0 26.0 31.0 34.9 
4900704 490 7.80 1.700 17.0 0.025 3.450 0.019 1.20 81.6 81.0 15.6 33.8 44.9 
4180704 418 7.66 2.130 17.5 0.027 1.600 0.012 1.20 88.8 112.0 22.1 28.5 31.7 
4230808 423 8.54 1.233 7.0 0.005 1.300 0.014 0.70 35.0 85.0 16.6 10.0 14.0 
3400601 340 9.84 1.250 21.1 0.046 1.250 0.024 0.60 27.7 42.0 22.5 28.1 29.3 
2060702 206 7.30 0.873 14.8 0.005 0.800 0.011 0.50 31.4 14.0 9.4 8.8 9.0 
3252012 325 7.54 2.282 23.0 0.027 2.400 0.026 1.70 31.2 20.0 24.4 36.9 34.4 
1153005 115 7.70 1.530 13.0 0.002 1.400 0.014 1.10 44.6 10.0 15.3 12.8 15.8 
2211008 221 8.13 1.589 14.5 0.198 2.100 0.036 0.10 12.4 127.0 38.0 19.1 23.3 
5250705 525 7.30 2.388 11.0 0.014 1.500 0.015 1.20 45.9 78.0 11.2 14.6 24.2 
4060801 406 7.30 3.520 29.0 0.035 1.900 0.035 3.10 32.4 82.0 30.8 39.6 43.4 
5250711 525 7.30 2.388 13.0 0.014 1.600 0.022 1.20 45.9 80.0 16.2 18.5 23.2 
4521004 452 8.50 4.240 24.7 0.023 3.000 0.042 3.90 37.6 24.0 32.9 56.1 65.0 
4920713 492 5.80 0.302 19.0 0.001 2.600 0.056 0.10 92.8 4.0 6.1 10.2 18.1 
1631101 163 7.37 1.480 22.3 0.060 1.250 0.014 1.10 51.0 71.0 6.8 21.3 23.9 
3710706 371 7.18 2.568 6.5 0.064 2.500 0.049 1.50 147.2 238.0 29.6 29.4 46.0 
4502013 450 5.60 3.136 25.5 0.015 2.400 0.032 1.20 28.8 14.0 82.2 26.4 28.7 
4660411 466 8.10 1.891 20.0 0.049 2.300 0.025 0.90 13.0 30.0 88.4 22.9 26.5 
4460312 446 7.81 1.839 27.3 0.006 2.150 0.034 1.10 9.7 30.0 29.4 21.9 25.5 
2611010 261 7.40 1.469 8.3 0.011 1.800 0.020 1.10 76.8 21.0 34.1 13.1 21.4 
5570606 557 6.88 3.500 10.0 0.010 1.650 0.035 1.10 122.7 35.0 23.9 22.0 44.7 
2740416 274 8.00 3.011 15.0 0.033 1.800 0.030 1.20 30.8 62.0 40.9 26.6 30.6 
3820814 382 8.55 0.769 23.3 0.077 3.250 0.057 0.10 5.2 69.0 45.4 20.1 28.5 
2510507 251 6.80 0.740 2.5 0.001 0.900 0.015 0.30 58.0 12.0 12.0 3.6 10.1 
3290903 329 8.95 1.500 22.7 0.002 0.750 0.010 0.90 32.5 20.0 24.7 18.3 18.6 
3342005 334 7.30 1.800 17.0 0.018 1.500 0.027 1.20 45.6 12.0 13.3 25.4 23.4 
3840411 384 8.32 1.555 22.7 0.050 3.250 0.076 0.80 48.6 160.0 33.8 42.3 52.2 
1080812 108 7.70 3.125 27.0 0.045 1.500 0.015 2.30 14.8 64.0 53.6 20.5 28.0 
1210712 121 8.02 1.294 27.5 0.047 2.700 0.034 1.00 18.4 127.0 37.2 27.7 33.3 
4140805 414 7.10 1.196 9.1 0.016 1.000 0.010 0.80 16.2 68.0 10.4 6.0 6.0 
2611001 261 7.60 1.569 15.4 0.011 1.200 0.018 1.20 76.8 26.0 33.8 17.0 22.4 
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4520804 452 6.55 1.140 24.7 0.023 2.850 0.031 0.80 37.6 20.0 17.9 28.4 36.4 
4502601 450 7.10 3.536 26.0 0.015 2.600 0.026 1.60 28.8 23.0 52.7 42.1 41.6 
2331012 233 8.10 0.999 12.3 0.024 1.250 0.031 0.80 11.6 134.0 13.4 11.9 11.3 
3110604 311 6.57 2.853 23.0 0.056 3.300 0.053 0.50 48.0 60.0 43.9 53.5 58.0 
5240802 524 7.40 2.019 22.0 0.009 1.650 0.013 1.30 41.9 83.0 21.6 24.7 27.8 
1271101 127 7.11 1.963 20.0 0.079 2.650 0.031 1.70 37.6 134.0 49.6 35.4 36.1 
4730712 473 7.40 5.000 19.0 0.036 2.100 0.032 1.30 3.9 33.0 77.7 19.2 26.7 
1030805 103 8.25 2.788 13.3 0.018 2.300 0.030 2.20 52.8 71.0 30.2 30.3 36.7 
1271110 127 7.46 2.263 18.5 0.079 2.200 0.032 2.00 37.6 114.0 47.1 32.9 33.0 
1200606 120 7.75 1.725 11.7 0.051 1.800 0.027 1.30 25.0 148.0 27.2 19.1 19.8 
4502616 450 6.50 2.836 21.3 0.015 2.450 0.031 0.90 28.8 24.0 40.7 31.3 34.7 
4241412 424 7.45 1.511 10.0 0.022 1.450 0.014 1.30 33.8 101.0 10.2 11.8 15.4 
1430412 143 8.93 1.927 15.3 0.008 1.050 0.024 1.80 153.6 16.0 50.0 29.1 36.8 
1071112 107 7.83 1.175 29.0 0.060 1.250 0.011 0.40 36.8 62.0 20.6 23.4 23.6 
5341111 534 9.59 2.600 17.3 0.029 1.350 0.013 1.10 16.9 44.0 21.8 23.2 27.6 
4140814 414 7.18 1.096 24.7 0.016 1.500 0.012 0.70 16.2 78.0 15.0 15.9 15.2 
4160711 416 7.16 1.198 14.5 0.019 1.500 0.019 0.90 8.4 76.0 19.9 10.5 9.4 
5280518 528 7.88 2.017 13.2 0.020 2.900 0.040 1.50 31.2 65.0 21.8 27.3 30.8 
1690802 169 7.75 2.050 25.1 0.070 2.650 0.026 1.60 7.7 108.0 42.6 22.5 28.8 
4590403 459 7.51 3.300 22.5 0.053 4.300 0.057 2.00 9.6 74.0 51.0 38.3 45.7 
1710708 171 7.69 2.025 13.2 0.058 2.150 0.028 1.60 13.6 127.0 29.1 18.9 20.5 
1220306 122 7.80 1.041 14.7 0.075 1.900 0.036 0.70 8.0 155.0 13.4 15.8 15.4 
4760813 476 7.93 3.000 24.3 0.027 2.300 0.034 1.00 7.6 80.0 41.0 22.7 30.3 
1040714 104 8.60 1.850 29.0 0.019 1.600 0.023 1.20 43.2 35.0 20.4 34.6 39.7 
2510613 251 7.81 1.640 18.0 0.001 0.800 0.013 1.20 58.0 38.0 47.6 14.8 27.5 
1060702 106 9.56 2.067 12.0 0.004 1.200 0.027 1.50 26.4 30.0 11.6 21.9 23.7 
2900801 290 8.22 1.932 28.2 0.040 1.950 0.038 0.10 17.6 126.0 26.5 27.1 32.8 
5440905 544 9.45 2.233 11.7 0.030 3.100 0.058 0.10 17.0 44.0 40.1 30.5 36.3 
1101410 110 7.60 2.748 21.0 0.003 1.400 0.026 1.80 32.2 9.0 20.1 22.6 27.0 
4460505 446 7.81 2.239 12.8 0.006 2.300 0.028 1.50 9.7 28.0 26.6 17.9 18.4 
4520801 452 5.06 0.840 30.6 0.023 2.800 0.022 0.50 37.6 21.0 20.9 18.3 19.9 
3150815 315 7.70 3.153 25.0 0.031 3.200 0.103 2.30 2.1 227.0 37.2 24.8 33.9 
1101416 110 7.90 2.948 24.0 0.003 2.100 0.037 2.00 32.2 15.0 33.1 34.5 38.1 
3121110 312 7.18 6.436 24.7 0.035 2.950 0.073 2.00 20.0 188.0 41.5 50.7 59.1 
4563010 456 6.06 1.541 9.0 0.017 2.550 0.028 0.30 41.0 4.0 10.0 13.7 17.8 
1060902 106 9.13 2.367 12.0 0.004 1.100 0.030 1.80 26.4 28.0 13.5 17.4 22.6 
5130616 513 7.45 1.750 15.5 0.005 3.050 0.023 0.10 18.0 120.0 33.8 21.8 23.1 
5280412 528 8.18 1.617 23.8 0.020 2.600 0.040 1.10 31.2 42.0 11.7 30.2 37.3 
1700702 170 7.60 2.263 27.0 0.052 2.300 0.032 1.70 5.3 99.0 49.6 19.9 26.6 
5440702 544 9.50 2.233 24.3 0.030 3.250 0.081 0.10 17.0 44.0 39.3 41.1 55.3 
2530612 253 7.00 1.093 14.0 0.010 2.300 0.035 0.50 10.6 28.0 25.9 16.1 13.1 
2610816 261 6.90 0.969 17.6 0.011 1.550 0.027 0.60 76.8 20.0 17.7 17.6 27.6 
2391610 239 8.20 2.900 18.0 0.016 1.900 0.019 0.90 22.2 124.0 40.8 25.4 28.4 
2630716 263 6.20 1.470 16.6 0.028 1.750 0.026 0.90 43.2 9.0 23.9 17.1 39.8 
4130711 413 7.23 1.277 14.8 0.016 1.500 0.018 1.00 15.6 79.0 19.4 13.2 11.9 
1210703 121 7.80 1.194 28.5 0.047 2.900 0.036 0.90 18.4 133.0 43.0 26.5 33.8 
1290814 129 7.47 1.680 18.0 0.090 3.150 0.029 1.50 11.4 134.0 29.7 23.3 26.9 
5251002 525 7.20 2.588 17.0 0.014 1.600 0.013 1.40 45.9 78.0 16.8 20.7 25.5 
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3110901 311 7.60 2.653 31.0 0.056 2.550 0.067 0.30 48.0 94.0 64.9 51.6 57.6 
1190712 119 7.64 1.633 20.6 0.069 2.300 0.034 1.30 25.4 84.0 49.0 29.2 29.4 
3150818 315 7.80 2.853 25.0 0.031 2.850 0.102 2.00 2.1 230.0 30.2 22.7 31.3 
4011003 401 7.10 4.610 22.0 0.008 1.850 0.030 0.40 25.6 15.0 61.6 32.6 35.8 
4490413 449 8.18 1.887 28.6 0.052 5.300 0.036 1.30 28.9 32.0 43.6 41.7 67.6 
5070807 507 7.01 1.900 6.0 0.009 2.850 0.054 1.00 4.7 56.0 39.5 9.5 11.7 
1271013 127 7.66 2.063 21.0 0.079 2.200 0.026 1.80 37.6 113.0 55.2 35.2 35.3 
1040702 104 8.70 3.150 21.0 0.019 1.200 0.024 2.50 43.2 28.0 26.4 29.8 39.1 
1280910 128 7.88 1.600 17.0 0.061 2.300 0.037 1.20 14.7 139.0 50.6 22.2 24.0 
3150803 315 8.10 2.753 26.0 0.031 3.850 0.145 1.90 2.1 236.0 17.6 26.5 41.0 
5230902 523 7.30 2.010 23.0 0.024 1.700 0.013 1.10 53.7 82.0 28.6 26.4 29.5 
2041009 204 8.20 1.210 14.4 0.002 0.900 0.012 0.70 32.8 54.0 33.1 11.2 11.5 
5630917 563 7.82 1.427 15.6 0.003 0.850 0.012 1.30 35.3 11.0 23.8 13.2 14.0 
2900816 290 7.86 3.832 23.8 0.040 1.900 0.039 2.00 17.6 119.0 8.0 28.4 37.3 
2170717 217 7.79 0.460 18.8 0.106 1.800 0.042 0.30 5.0 115.0 14.7 10.9 13.7 
3243012 324 7.73 2.695 26.3 0.061 1.900 0.025 1.90 31.2 30.0 20.3 36.1 37.6 
5240811 524 7.30 2.019 12.0 0.009 1.500 0.022 1.30 41.9 80.0 15.6 14.7 21.7 
2060705 206 6.90 1.073 17.9 0.005 0.800 0.013 0.70 31.4 14.0 6.7 8.9 12.1 
2490517 249 7.82 2.036 8.0 0.036 2.450 0.038 1.60 20.0 75.0 26.4 19.7 21.2 
1060708 106 9.50 2.067 10.0 0.004 1.450 0.028 1.50 26.4 23.0 11.6 20.4 23.1 
3541413 354 7.50 2.080 22.1 0.018 1.650 0.018 1.00 9.9 94.0 20.2 16.4 18.7 
1030911 103 7.68 2.088 20.0 0.018 1.000 0.021 1.50 52.8 62.0 31.8 22.2 31.4 
4450809 445 7.50 2.132 11.1 0.016 1.300 0.019 1.00 31.2 18.0 20.2 12.6 16.4 
4180914 418 7.48 2.230 19.2 0.027 1.900 0.016 1.30 88.8 106.0 22.9 31.5 36.7 
4920710 492 5.34 0.402 4.0 0.001 1.850 0.026 0.20 92.8 2.0 4.7 3.4 3.4 
4480804 448 7.04 1.653 21.8 0.068 3.350 0.051 0.90 3.4 21.0 36.9 16.7 24.2 
2060905 206 7.50 1.073 18.3 0.005 1.000 0.012 0.70 31.4 20.0 14.1 13.3 12.0 
4521001 452 6.88 0.540 29.3 0.023 2.800 0.035 0.20 37.6 27.0 60.7 25.1 35.2 
4140802 414 7.31 1.196 22.0 0.016 1.200 0.015 0.80 16.2 72.0 16.8 15.1 13.4 
4900716 490 7.94 1.700 19.0 0.025 2.050 0.015 1.20 81.6 85.0 15.1 32.1 34.4 
1631107 163 7.90 1.880 8.6 0.060 1.650 0.020 1.50 51.0 94.0 9.0 18.1 27.9 
2600714 260 7.33 0.750 21.2 0.018 1.450 0.046 0.10 52.8 70.0 7.2 20.9 22.1 
5350704 535 8.49 2.000 15.2 0.029 0.950 0.013 1.40 12.2 41.0 9.2 12.5 15.6 
3970905 397 8.95 0.945 18.9 0.054 2.550 0.068 0.10 28.0 99.0 25.5 31.4 34.6 
3710803 371 7.39 1.268 23.0 0.064 3.000 0.064 0.20 147.2 240.0 80.0 48.0 60.6 
4900710 490 7.84 1.800 5.0 0.025 1.950 0.018 1.30 81.6 82.0 21.2 13.0 23.3 
4180711 418 7.90 2.130 8.0 0.027 1.800 0.025 1.20 88.8 106.0 26.5 21.8 28.4 
4380402 438 9.91 2.489 26.5 0.016 1.200 0.011 2.40 9.6 67.0 69.4 21.0 28.7 
3190715 319 7.93 5.164 25.7 0.014 0.900 0.016 1.80 42.0 106.0 10.5 24.6 42.2 
4440818 444 7.45 5.275 9.0 0.001 1.900 0.032 1.20 31.2 16.0 32.3 17.3 30.0 
2620804 262 7.40 1.399 19.1 0.014 2.100 0.023 0.90 105.6 12.0 38.5 36.1 36.1 
3273507 327 7.60 2.200 10.1 0.013 1.400 0.017 1.60 47.0 15.0 15.1 14.9 23.6 
1081206 108 7.70 2.825 10.0 0.045 1.400 0.017 2.00 14.8 68.0 21.6 11.9 16.6 
5290412 529 9.04 1.050 12.0 0.034 1.000 0.015 0.70 31.2 45.0 3.6 16.5 17.1 
1810615 181 7.45 0.895 19.4 0.012 1.300 0.022 0.50 228.5 47.0 33.6 25.5 39.4 
1700708 170 7.85 2.363 14.3 0.052 2.250 0.031 1.80 5.3 124.0 25.9 15.6 20.1 
3400604 340 9.72 1.150 20.6 0.046 1.350 0.019 0.50 27.7 46.0 27.2 26.7 27.6 
4010606 401 5.71 5.010 3.0 0.008 2.000 0.029 0.80 25.6 5.0 22.6 6.2 16.1 
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3850604 385 7.30 0.525 21.0 0.048 4.100 0.058 0.10 33.6 99.0 68.4 20.0 36.8 
4231005 423 8.47 1.633 12.0 0.005 1.450 0.014 1.10 35.0 83.0 27.7 18.4 19.3 
4790613 479 6.80 1.286 24.0 0.011 1.350 0.022 0.50 43.2 47.0 26.3 20.1 26.1 
4200505 420 7.62 2.045 9.0 0.063 0.750 0.009 1.00 3.0 292.0 1.6 4.8 6.6 
5080412 508 7.39 2.750 19.9 0.038 2.550 0.043 0.70 5.0 61.0 46.8 19.2 24.7 
1030802 103 7.91 3.788 24.0 0.018 1.500 0.026 3.20 52.8 86.0 52.5 32.3 43.1 
2510513 251 6.55 0.640 18.0 0.001 0.800 0.014 0.20 58.0 7.0 27.0 8.1 23.1 
1800618 180 6.88 0.670 13.5 0.026 0.750 0.026 0.30 105.1 51.0 14.0 8.0 28.5 
4011006 401 7.45 4.810 6.0 0.008 1.700 0.028 0.60 25.6 28.0 32.7 11.7 23.8 
4590509 459 8.28 1.400 8.5 0.053 3.300 0.060 0.10 9.6 81.0 18.7 18.3 22.6 
2670804 267 7.40 1.749 19.0 0.030 1.600 0.018 1.20 51.6 60.0 35.5 26.9 31.9 
2530615 253 7.30 0.893 16.0 0.010 2.100 0.040 0.30 10.6 48.0 34.6 15.9 13.3 
5260702 526 7.50 1.840 22.0 0.014 1.800 0.015 1.50 60.2 78.0 23.0 30.3 42.9 
1152002 115 5.50 2.030 29.0 0.002 1.450 0.013 1.60 44.6 5.0 19.9 12.2 17.1 
4880604 488 7.50 1.735 14.0 0.034 2.150 0.016 1.10 18.2 79.0 30.9 18.0 18.9 
3820817 382 8.46 0.869 14.4 0.077 2.050 0.047 0.20 5.2 68.0 28.3 14.5 17.1 
3400616 340 9.32 1.050 18.9 0.046 1.650 0.091 0.40 27.7 46.0 32.0 30.0 33.1 
5430908 543 7.80 3.088 8.6 0.040 1.200 0.018 2.00 7.8 88.0 33.9 8.5 13.6 
1071109 107 7.40 1.775 13.0 0.060 1.200 0.014 1.00 36.8 62.0 32.2 14.6 19.0 
4020818 402 6.90 2.650 9.6 0.047 2.000 0.037 1.80 5.6 7.0 11.9 11.8 13.9 
1320507 132 7.74 1.790 13.5 0.079 1.250 0.023 1.20 11.4 150.0 27.3 11.9 14.9 
4520807 452 6.23 1.340 11.5 0.023 2.200 0.024 1.00 37.6 19.0 6.1 14.7 33.2 
1310516 131 7.83 1.737 21.0 0.078 1.400 0.024 1.20 11.3 124.0 28.8 17.1 19.7 
1290805 129 7.20 0.480 20.1 0.090 2.200 0.028 0.30 11.4 130.0 27.3 13.4 16.8 
2611016 261 7.30 1.569 17.5 0.011 1.650 0.022 1.20 76.8 26.0 28.6 26.4 27.7 
3290705 329 8.20 1.300 13.7 0.002 0.800 0.011 0.70 32.5 10.0 11.0 10.2 12.0 
5400813 540 7.69 1.061 29.2 0.044 2.550 0.054 0.30 49.8 120.0 99.0 37.2 41.0 
1230815 123 7.76 1.783 27.7 0.043 2.500 0.032 1.50 17.8 148.0 36.2 25.3 33.2 
4470315 447 7.71 2.304 25.5 0.020 1.900 0.022 1.30 6.1 40.0 17.9 18.5 22.4 
2600614 260 7.36 0.850 21.0 0.018 1.400 0.058 0.20 52.8 70.0 7.5 22.4 30.1 
1261108 126 7.91 2.320 15.7 0.052 1.350 0.013 1.80 37.6 161.0 63.8 20.1 25.2 
3243003 324 7.59 3.095 30.0 0.061 3.000 0.036 2.30 31.2 40.0 48.1 44.3 54.1 
5241011 524 7.30 1.919 12.0 0.009 1.600 0.022 1.20 41.9 80.0 20.0 14.3 19.2 
2040809 204 6.80 0.910 15.0 0.002 1.100 0.013 0.40 32.8 38.0 19.9 8.6 12.0 
4760816 476 7.51 3.000 16.7 0.027 3.650 0.066 1.00 7.6 100.0 74.8 31.8 32.8 
4512016 451 7.80 3.344 20.2 0.015 2.600 0.039 1.40 28.8 40.0 32.2 43.4 40.9 
3820805 382 8.56 0.769 18.1 0.077 2.200 0.053 0.10 5.2 90.0 28.5 16.5 20.0 
5251008 525 7.30 2.388 5.0 0.014 1.500 0.023 1.20 45.9 78.0 13.0 8.8 21.3 
4540511 454 9.30 1.338 12.0 0.105 3.150 0.061 0.80 41.9 129.0 29.5 33.5 41.5 
4160802 416 6.91 1.098 22.4 0.019 1.600 0.023 0.80 8.4 76.0 25.0 13.7 12.7 
5400704 540 8.40 0.861 15.0 0.044 2.800 0.045 0.10 49.8 120.0 51.0 26.1 31.9 
4241415 424 7.48 1.611 21.0 0.022 1.500 0.013 1.40 33.8 100.0 18.3 22.3 22.3 
1800609 180 6.81 0.570 11.9 0.026 1.200 0.019 0.20 105.1 48.0 22.9 8.4 34.6 
4540514 454 8.90 1.638 23.0 0.105 3.550 0.050 1.10 41.9 130.0 55.7 41.2 58.7 
4530611 453 8.80 1.876 18.6 0.049 3.300 0.045 0.90 37.6 70.0 59.7 39.4 48.5 
5581403 558 7.95 3.294 24.5 0.017 1.950 0.029 2.10 77.6 52.0 74.1 50.1 51.2 
5140616 514 7.87 1.639 13.0 0.002 2.100 0.032 1.10 36.3 66.0 18.7 24.0 23.3 
4450709 445 6.34 1.932 11.7 0.016 1.500 0.022 0.80 31.2 9.0 12.6 11.1 22.5 
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1230809 123 7.62 1.683 18.7 0.043 1.150 0.015 1.40 17.8 233.0 21.7 15.2 16.1 
5230905 523 7.40 2.110 12.0 0.024 1.450 0.017 1.20 53.7 80.0 18.6 17.2 21.7 
5440714 544 9.75 2.333 28.2 0.030 3.750 0.075 0.20 17.0 53.0 44.7 46.2 66.2 
3740818 374 7.48 3.063 4.0 0.016 3.500 0.056 1.70 72.2 110.0 31.1 25.5 38.6 
5440705 544 9.32 2.233 15.6 0.030 3.100 0.058 0.10 17.0 41.0 34.7 32.8 40.0 
5360716 536 9.04 2.100 18.0 0.027 0.800 0.010 1.70 13.2 84.0 5.4 13.2 18.4 
2670704 267 7.00 0.849 20.0 0.030 1.700 0.018 0.30 51.6 51.0 31.7 21.5 23.4 
4231002 423 8.30 1.533 20.0 0.005 1.700 0.015 1.00 35.0 88.0 54.0 25.2 25.0 
5570615 557 6.36 3.800 24.0 0.010 2.000 0.027 1.40 122.7 39.0 51.5 37.5 49.4 
1050902 105 8.80 2.683 14.0 0.012 1.200 0.026 2.10 30.4 31.0 19.7 22.0 26.7 
2660807 266 7.30 2.521 3.0 0.001 1.900 0.024 2.10 64.6 15.0 31.9 8.9 38.7 
5070817 507 7.15 2.300 13.7 0.009 2.800 0.058 1.40 4.7 54.0 41.4 17.1 18.2 
5260917 526 7.30 1.440 14.0 0.014 1.500 0.019 1.10 60.2 86.0 21.4 18.0 33.9 
2060914 206 8.70 1.073 16.6 0.005 0.700 0.013 0.70 31.4 27.0 14.2 14.1 14.5 
1211303 121 7.81 1.294 23.5 0.047 2.900 0.036 1.00 18.4 134.0 40.8 26.3 31.1 
2730510 273 7.60 3.844 16.0 0.036 1.500 0.029 2.20 27.6 40.0 31.7 23.7 30.2 
3180704 318 8.36 2.964 25.0 0.015 2.400 0.059 0.50 23.2 118.0 24.5 42.0 44.9 
3261716 326 6.84 2.900 20.5 0.043 1.600 0.017 1.90 30.6 28.0 19.3 22.0 27.3 
2740410 274 7.40 2.711 14.0 0.033 1.000 0.017 0.90 30.8 36.0 16.8 14.9 19.9 
3710718 371 7.58 2.768 12.0 0.064 2.800 0.056 1.70 147.2 240.0 39.0 53.4 56.4 
1820804 182 8.43 3.045 17.0 0.111 0.750 0.019 2.00 22.2 180.0 15.1 14.6 25.1 
4512601 451 7.20 3.844 27.0 0.015 2.550 0.027 1.90 28.8 25.0 66.1 43.2 44.1 
4530617 453 9.10 1.976 8.8 0.049 2.850 0.049 1.00 37.6 76.0 28.2 31.7 36.8 
1631113 163 7.18 1.880 22.5 0.060 1.400 0.015 1.50 51.0 59.0 13.8 24.3 33.2 
1380503 138 8.50 0.647 19.0 0.012 1.050 0.020 0.50 149.6 21.0 43.4 23.5 26.5 
4512616 451 6.90 3.144 20.2 0.015 2.600 0.032 1.20 28.8 26.0 43.6 35.9 35.4 
4160811 416 7.12 1.298 15.1 0.019 1.500 0.017 1.00 8.4 76.0 21.4 10.8 9.8 
4590412 459 7.80 3.300 20.5 0.053 3.350 0.048 2.00 9.6 81.0 41.1 33.8 38.5 
3630618 363 7.70 2.529 10.2 0.051 3.350 0.058 0.10 40.0 176.0 95.2 29.9 37.0 
3911606 391 9.30 2.635 12.0 0.124 3.350 0.039 0.50 29.9 47.0 10.2 38.3 45.9 
1310510 131 8.02 1.737 15.5 0.078 1.800 0.038 1.20 11.3 148.0 30.6 19.2 20.8 
3180810 318 7.14 3.664 24.4 0.015 2.200 0.067 1.20 23.2 105.0 22.7 40.1 40.4 
5630717 563 6.56 0.427 15.6 0.003 0.800 0.012 0.30 35.3 7.0 13.1 5.6 15.5 
1400603 140 8.90 1.028 21.1 0.007 0.950 0.019 0.90 157.6 18.0 54.3 29.6 31.9 
4450815 445 7.33 2.432 25.0 0.016 1.300 0.019 1.30 31.2 26.0 30.7 22.8 26.3 
1631010 163 7.90 0.580 12.1 0.060 1.850 0.020 0.20 51.0 120.0 9.9 16.5 24.7 
1310513 131 7.68 1.737 25.5 0.078 2.750 0.047 1.20 11.3 104.0 54.9 26.1 32.0 
2740501 274 7.60 3.211 28.0 0.033 1.700 0.023 1.40 30.8 54.0 44.2 32.2 37.6 
3720818 372 7.39 1.302 10.0 0.038 2.250 0.049 0.10 54.0 210.0 28.2 23.3 31.9 
3050513 305 8.94 0.655 26.0 0.086 5.850 0.182 0.10 9.7 38.0 22.4 41.9 59.7 
1411203 141 8.60 1.463 23.0 0.021 2.300 0.027 1.00 155.6 66.0 83.5 48.3 53.8 
2880810 288 7.40 3.649 23.8 0.026 1.350 0.035 1.90 7.6 101.0 14.3 15.2 24.4 
4910517 491 7.54 1.850 12.7 0.037 1.500 0.015 0.90 150.2 82.0 11.2 25.2 33.6 
4440709 444 6.86 4.975 8.7 0.001 1.000 0.015 0.90 31.2 14.0 13.8 7.6 21.2 
4960812 496 8.00 0.500 13.9 0.088 2.100 0.018 0.40 1.6 45.0 2.4 7.1 10.8 
4890716 489 8.01 1.950 18.0 0.037 2.150 0.017 1.30 81.6 84.0 19.1 34.0 37.4 
4512010 451 7.40 3.544 16.3 0.015 2.400 0.035 1.60 28.8 30.0 34.4 32.6 34.3 
5431508 543 7.80 3.088 9.1 0.040 1.200 0.017 2.00 7.8 87.0 46.3 8.7 13.8 
 113 
Event ID Plant ID pH  
Cl Dose 
(mg/l) 
Temp 
(°C) 
Br 
(mg/l) 
TOC 
(mg/l) 
UV254 
(cm-1) 
Residual 
Cl (mg/l) 
Time 
(hr) 
Alk (mg/l 
as 
CaCO3) 
THM 
Obs 
(μg/l) 
Model 
B1 
Model 
A1 
2510616 251 7.47 1.440 9.0 0.001 0.800 0.012 1.00 58.0 44.0 35.2 6.2 21.2 
4230802 423 8.30 1.433 20.0 0.005 1.850 0.016 0.90 35.0 87.0 63.0 25.4 25.6 
2800304 280 7.53 3.857 28.5 0.044 1.300 0.023 1.80 10.0 122.0 4.3 17.8 28.6 
4730718 473 7.40 5.100 10.0 0.036 2.600 0.028 1.40 3.9 38.0 48.3 13.1 22.6 
1153011 115 7.90 1.230 27.0 0.002 1.600 0.018 0.80 44.6 10.0 34.7 27.5 28.1 
1040717 104 8.80 3.150 21.1 0.019 1.400 0.025 2.50 43.2 44.0 28.3 30.8 39.1 
1220509 122 7.71 1.741 17.2 0.075 1.750 0.030 1.40 8.0 179.0 40.9 16.0 18.3 
3252009 325 7.17 2.382 10.0 0.027 1.850 0.033 1.80 31.2 13.0 12.9 18.5 21.9 
4241406 424 7.48 1.511 8.2 0.022 1.400 0.014 1.30 33.8 102.0 9.8 9.1 14.2 
4490816 449 7.16 2.287 22.1 0.052 2.950 0.041 1.70 28.9 27.0 49.5 42.1 38.5 
4502016 450 5.70 3.236 21.1 0.015 2.500 0.034 1.30 28.8 18.0 23.8 26.2 27.6 
4300201 430 9.30 1.081 27.2 0.054 2.150 0.062 0.30 48.0 36.0 15.1 41.8 46.8 
5140601 514 8.61 1.539 15.0 0.002 1.950 0.028 1.00 36.3 68.0 11.7 26.2 26.2 
2670710 267 7.20 0.849 12.5 0.030 1.850 0.024 0.30 51.6 52.0 28.1 17.5 25.8 
2150705 215 7.31 3.131 19.0 0.107 4.200 0.054 2.30 24.2 111.0 66.8 40.9 50.3 
3930516 393 7.83 1.200 28.2 0.061 2.950 0.088 0.10 24.3 130.0 41.8 31.2 41.0 
2740407 274 7.40 3.111 4.0 0.033 1.700 0.038 1.30 30.8 48.0 19.5 10.1 19.7 
3400610 340 9.82 1.250 7.8 0.046 1.400 0.024 0.60 27.7 43.0 16.5 16.9 20.8 
1220312 122 7.43 0.941 22.5 0.075 3.150 0.055 0.60 8.0 94.0 13.5 18.4 25.4 
1310316 131 7.83 2.237 21.0 0.078 1.150 0.025 1.70 11.3 122.0 17.3 14.6 20.6 
3050510 305 8.90 0.855 25.5 0.086 5.450 0.178 0.30 9.7 42.0 18.8 36.8 57.8 
4200408 420 7.70 1.945 11.0 0.063 0.900 0.033 0.90 3.0 303.0 8.2 6.6 9.6 
3343017 334 9.10 2.300 22.0 0.018 1.500 0.019 1.70 45.6 24.0 30.8 34.7 39.8 
3290709 329 6.46 1.000 14.3 0.002 0.800 0.010 0.40 32.5 11.0 9.2 5.8 14.2 
2331018 233 8.05 1.299 7.9 0.024 1.600 0.034 1.10 11.6 164.0 15.9 11.3 11.8 
4160805 416 7.20 1.298 6.3 0.019 1.500 0.015 1.00 8.4 72.0 9.1 5.5 5.9 
5431505 543 7.81 3.588 15.7 0.040 1.200 0.019 2.50 7.8 80.0 22.0 13.0 19.2 
4160714 416 7.09 1.098 23.8 0.019 1.450 0.013 0.80 8.4 72.0 23.4 12.7 12.1 
4200514 420 7.20 1.245 13.0 0.063 0.800 0.018 0.20 3.0 280.0 2.7 5.0 5.4 
4590418 459 7.73 2.300 11.9 0.053 2.700 0.032 1.00 9.6 65.0 14.3 19.7 22.2 
2670716 267 6.90 1.049 18.0 0.030 1.400 0.027 0.50 51.6 48.0 32.8 17.4 22.6 
1153017 115 8.10 1.430 17.0 0.002 1.450 0.016 1.00 44.6 12.0 26.7 20.4 23.1 
1391106 139 7.29 0.554 12.0 0.022 3.100 0.041 0.10 175.6 92.0 47.9 22.0 48.7 
5280418 528 7.98 1.617 13.6 0.020 2.900 0.042 1.10 31.2 68.0 8.7 29.0 30.2 
4480407 448 7.26 2.053 14.3 0.068 2.650 0.037 1.30 3.4 18.0 28.7 14.1 18.1 
1050711 105 9.46 2.083 11.7 0.012 1.350 0.030 1.50 30.4 25.0 15.6 23.8 26.6 
4450718 445 6.28 1.932 12.6 0.016 1.600 0.030 0.80 31.2 12.0 18.7 12.7 25.3 
3720709 372 7.28 2.702 8.0 0.038 2.450 0.040 1.50 54.0 178.0 20.5 23.8 30.5 
1040914 104 8.80 2.250 29.0 0.019 1.600 0.024 1.60 43.2 35.0 30.6 37.4 41.5 
4480807 448 7.18 1.653 12.6 0.068 2.650 0.038 0.90 3.4 19.0 20.3 13.1 15.6 
5080503 508 7.46 3.050 23.2 0.038 3.100 0.042 1.00 5.0 60.0 59.6 25.3 31.3 
2041015 204 8.30 1.210 20.2 0.002 0.900 0.011 0.70 32.8 41.0 39.0 18.0 14.6 
3252018 325 7.00 2.582 16.0 0.027 2.200 0.015 2.00 31.2 20.0 13.1 20.5 26.3 
4470509 447 8.02 2.604 12.3 0.020 1.700 0.024 1.60 6.1 27.0 17.6 12.9 16.4 
4460512 446 7.21 2.739 27.2 0.006 1.900 0.027 2.00 9.7 30.0 39.1 18.7 24.4 
1700714 170 7.75 2.463 28.2 0.052 2.550 0.036 1.90 5.3 106.0 45.7 22.8 30.8 
4390501 439 5.10 6.735 25.2 0.013 4.100 0.055 4.80 45.4 1.0 26.0 52.9 64.1 
4380517 438 10.00 2.489 17.0 0.016 1.500 0.032 2.40 9.6 75.0 29.2 24.9 29.5 
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4490804 449 7.18 2.187 22.7 0.052 3.000 0.042 1.60 28.9 22.0 86.2 42.3 39.0 
4290805 429 9.79 1.088 17.0 0.161 1.500 0.048 0.10 28.6 42.0 5.1 29.4 31.9 
4011015 401 7.60 4.710 21.7 0.008 2.400 0.027 0.50 25.6 24.0 53.5 35.5 41.8 
1030914 103 7.59 2.088 26.0 0.018 1.900 0.028 1.50 52.8 117.0 42.6 37.4 36.7 
3273513 327 7.07 2.300 20.4 0.013 1.300 0.018 1.70 47.0 17.0 22.1 22.3 29.5 
3720715 372 7.22 2.802 24.0 0.038 3.000 0.049 1.60 54.0 160.0 76.7 57.3 52.4 
2530618 253 7.50 1.193 5.0 0.010 2.100 0.028 0.60 10.6 64.0 17.9 7.3 8.8 
1710705 171 7.78 2.025 21.4 0.058 2.350 0.027 1.60 13.6 122.0 35.1 24.2 27.5 
4460318 446 8.33 1.939 9.6 0.006 2.200 0.026 1.20 9.7 32.0 12.9 16.5 16.6 
2550618 255 7.20 0.862 8.0 0.006 1.350 0.020 0.30 16.0 22.0 19.0 6.0 5.7 
4890710 489 8.02 1.650 8.4 0.037 1.900 0.027 1.00 81.6 83.0 21.8 23.0 26.7 
1320501 132 7.61 1.690 25.5 0.079 1.300 0.025 1.10 11.4 124.0 61.5 17.9 20.4 
2630704 263 6.80 1.570 17.5 0.028 2.850 0.026 1.00 43.2 8.0 11.9 28.7 35.1 
1180818 118 8.78 3.092 14.0 0.013 0.800 0.013 1.90 20.8 28.0 26.3 13.6 20.8 
5241017 524 7.10 1.819 10.3 0.009 1.500 0.017 1.10 41.9 80.0 15.7 12.1 19.3 
4060804 406 7.86 3.820 21.3 0.035 2.400 0.046 3.40 32.4 107.0 33.3 45.9 46.8 
1860215 186 7.75 1.013 20.9 0.235 0.900 0.018 0.90 1.3 210.0 16.3 7.7 11.4 
2730310 273 7.70 2.444 14.0 0.036 1.500 0.031 0.80 27.6 41.0 15.5 19.2 23.3 
4470305 447 7.58 2.304 11.3 0.020 2.000 0.026 1.30 6.1 36.0 8.0 13.9 14.7 
1101407 110 7.30 2.748 15.0 0.003 1.450 0.025 1.80 32.2 10.0 14.7 15.0 21.2 
4140808 414 7.19 1.096 8.0 0.016 1.400 0.013 0.70 16.2 70.0 8.7 6.0 7.3 
4130608 413 7.21 0.977 5.5 0.016 1.300 0.016 0.70 15.6 85.0 10.8 5.3 5.4 
4130708 413 7.11 1.077 9.1 0.016 1.200 0.017 0.80 15.6 71.0 11.4 6.3 6.8 
2550603 255 7.00 1.162 13.0 0.006 1.650 0.029 0.60 16.0 15.0 29.9 11.7 10.9 
4390907 439 8.20 2.235 10.0 0.013 3.800 0.064 0.30 45.4 10.0 40.9 34.0 41.1 
4900604 490 7.82 0.900 17.0 0.025 3.300 0.022 0.40 81.6 78.0 15.5 29.0 37.8 
3343011 334 8.90 2.400 20.0 0.018 1.300 0.024 1.80 45.6 22.0 38.3 31.4 33.8 
3730715 373 7.70 2.930 23.0 0.018 3.050 0.055 1.60 84.4 240.0 81.5 70.5 62.7 
2630816 263 7.20 1.370 17.3 0.028 1.800 0.025 0.80 43.2 21.0 53.3 25.5 25.9 
1060711 106 9.14 2.067 11.7 0.004 1.400 0.030 1.50 26.4 18.0 14.8 21.4 23.0 
5310613 531 9.10 1.215 14.4 0.116 1.000 0.019 1.10 44.2 91.0 16.2 21.2 23.1 
4381611 438 10.00 2.189 20.5 0.016 1.450 0.019 2.10 9.6 51.0 39.8 23.8 28.4 
4160814 416 7.01 1.298 24.2 0.019 1.400 0.012 1.00 8.4 71.0 20.9 12.5 12.6 
5130813 513 7.51 2.950 17.9 0.005 2.700 0.027 1.30 18.0 120.0 41.4 26.5 28.8 
2041012 204 8.30 1.210 18.6 0.002 1.000 0.010 0.70 32.8 37.0 41.1 17.5 15.5 
5440908 544 9.68 2.233 9.8 0.030 3.500 0.070 0.10 17.0 40.0 35.9 31.5 38.7 
1690805 169 7.83 2.050 21.6 0.070 2.450 0.028 1.60 7.7 122.0 30.5 21.6 26.0 
1400412 140 8.60 0.428 18.0 0.007 1.000 0.022 0.30 157.6 16.0 49.0 17.8 24.1 
5240805 524 7.10 2.019 8.0 0.009 1.100 0.012 1.30 41.9 75.0 8.2 7.1 16.2 
2150802 215 7.16 1.331 25.9 0.107 3.400 0.055 0.50 24.2 104.0 60.8 32.4 39.0 
3190712 319 7.74 4.464 26.3 0.014 1.100 0.025 1.10 42.0 114.0 11.5 28.7 42.4 
3850507 385 7.20 2.425 9.5 0.048 2.300 0.031 2.00 33.6 60.0 30.1 22.1 25.6 
5250702 525 1.20 2.388 1.4 0.014 1.600 0.012 1.20 45.9 78.0 15.7 0.4 6.9 
4690618 469 7.38 2.020 10.2 0.022 1.850 0.048 1.10 38.4 49.0 10.0 19.8 24.2 
2600605 260 7.54 0.750 15.0 0.018 1.700 0.045 0.10 52.8 87.0 4.8 19.1 20.0 
3730812 373 7.33 1.530 22.5 0.018 3.350 0.074 0.20 84.4 138.0 110.7 50.0 53.4 
5610702 561 7.66 1.331 18.0 0.019 1.750 0.014 0.80 176.6 170.0 7.1 32.8 38.1 
1200612 120 7.66 1.525 21.1 0.051 3.150 0.056 1.10 25.0 106.0 39.1 31.9 36.2 
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3400607 340 9.24 1.150 5.6 0.046 1.600 0.026 0.50 27.7 62.0 16.2 12.9 18.2 
1391203 139 8.31 1.354 21.1 0.022 2.100 0.019 0.90 175.6 79.0 87.3 39.6 47.2 
5140607 514 7.78 2.039 4.0 0.002 2.200 0.034 1.50 36.3 62.0 9.0 11.6 18.9 
4290702 429 9.63 1.188 19.0 0.161 1.850 0.048 0.20 28.6 41.0 7.5 34.8 36.3 
1152014 115 6.10 1.730 30.0 0.002 1.500 0.013 1.30 44.6 5.0 21.1 18.1 47.2 
2790814 279 8.66 5.336 23.9 0.034 0.700 0.015 1.00 52.8 37.0 21.7 26.8 51.5 
1210715 121 7.69 1.294 25.2 0.047 2.700 0.035 1.00 18.4 135.0 32.6 26.3 30.2 
2880813 288 7.40 3.249 23.9 0.026 1.250 0.033 1.50 7.6 100.0 14.3 13.3 22.2 
2180703 218 8.07 2.219 26.5 0.091 2.200 0.034 1.70 26.4 116.0 52.5 35.4 39.4 
2790605 279 8.71 5.936 23.3 0.034 0.700 0.012 1.60 52.8 32.0 18.3 25.6 53.0 
1430406 143 8.95 1.027 14.3 0.008 0.900 0.009 0.90 153.6 14.0 40.1 20.4 24.8 
2060714 206 6.43 1.073 16.4 0.005 0.800 0.012 0.70 31.4 13.0 12.0 7.1 15.2 
1180812 118 7.67 2.492 25.7 0.013 1.300 0.020 1.30 20.8 48.0 38.1 19.6 24.6 
4900707 490 7.98 1.600 2.0 0.025 1.700 0.018 1.10 81.6 82.0 7.9 8.2 18.9 
3430707 343 6.67 1.087 9.4 0.008 0.850 0.011 0.90 19.2 39.0 2.7 4.5 6.0 
2510516 251 6.65 0.740 5.5 0.001 0.800 0.013 0.30 58.0 9.0 20.0 3.9 25.1 
2730516 273 7.60 3.644 16.0 0.036 1.800 0.033 2.00 27.6 66.0 30.5 27.6 31.8 
4920816 492 9.60 2.002 17.0 0.001 2.200 0.020 1.80 92.8 44.0 33.5 38.2 45.2 
1050917 105 8.60 2.383 22.0 0.012 1.400 0.024 1.80 30.4 52.0 30.6 28.3 30.5 
3050501 305 9.10 0.955 27.0 0.086 6.600 0.195 0.40 9.7 44.0 18.5 40.5 72.8 
4480416 448 7.51 1.553 23.1 0.068 3.100 0.043 0.80 3.4 30.0 38.6 17.0 24.9 
5430902 543 8.30 3.988 29.3 0.040 1.600 0.018 2.90 7.8 87.0 54.3 24.3 33.1 
3261113 326 6.30 1.600 27.9 0.043 1.700 0.019 0.60 30.6 17.0 28.9 22.8 32.4 
1190612 119 7.59 1.533 20.6 0.069 2.250 0.032 1.20 25.4 84.0 29.2 28.6 28.1 
1200609 120 7.83 1.525 15.0 0.051 1.700 0.024 1.10 25.0 176.0 25.1 22.0 20.5 
4130602 413 6.81 0.977 22.9 0.016 1.450 0.017 0.70 15.6 73.0 22.6 13.4 13.8 
4460515 446 7.54 2.139 25.8 0.006 3.100 0.029 1.40 9.7 37.0 39.7 27.5 30.1 
3190818 319 7.86 4.764 24.9 0.014 1.050 0.022 1.40 42.0 107.0 15.6 24.7 40.2 
5610705 561 7.59 1.331 13.0 0.019 1.100 0.015 0.80 176.6 178.0 6.7 14.7 28.8 
1860206 186 7.52 1.013 17.8 0.235 0.800 0.013 0.90 1.3 200.0 13.4 5.5 8.9 
1810612 181 7.30 0.595 17.4 0.012 1.600 0.017 0.20 228.5 37.0 37.9 18.1 43.0 
4690615 469 7.38 2.320 21.2 0.022 2.300 0.047 1.40 38.4 51.0 23.5 40.5 37.5 
5610711 561 7.49 1.731 15.0 0.019 1.050 0.017 1.20 176.6 154.0 14.4 18.4 32.9 
1631116 163 7.71 1.780 17.2 0.060 1.700 0.016 1.40 51.0 91.0 6.7 27.8 26.8 
1101401 110 7.79 2.948 24.4 0.003 1.700 0.035 2.00 32.2 13.0 33.9 29.6 34.8 
5381008 538 7.28 3.220 3.6 0.039 2.300 0.039 1.90 44.8 63.0 3.9 13.6 29.3 
3720809 372 7.37 1.402 9.0 0.038 2.550 0.048 0.20 54.0 174.0 26.8 26.2 33.4 
4840905 484 7.25 1.104 8.9 0.010 0.700 0.011 0.80 16.0 45.0 10.0 4.6 4.0 
1030905 103 8.16 2.888 16.1 0.018 2.300 0.030 2.30 52.8 64.0 33.8 37.2 39.8 
4880404 488 7.40 1.635 15.0 0.034 1.250 0.016 1.00 18.2 85.0 22.9 13.9 13.9 
4030705 403 9.21 1.643 7.0 0.011 1.900 0.034 1.00 71.6 27.0 11.2 24.2 28.6 
4512604 451 7.40 4.244 20.0 0.015 2.600 0.017 2.30 28.8 19.0 51.1 29.7 39.3 
5080518 508 8.04 3.050 9.5 0.038 3.450 0.056 1.00 5.0 71.0 29.3 19.8 26.0 
4521007 452 6.57 3.940 12.2 0.023 2.650 0.040 3.60 37.6 32.0 14.4 28.0 39.2 
1050714 105 9.36 2.183 22.0 0.012 1.500 0.026 1.60 30.4 30.0 18.8 34.6 35.1 
3600409 360 7.50 2.173 7.0 0.123 2.500 0.044 0.10 23.2 176.0 39.6 18.8 22.9 
1690817 169 7.83 2.350 21.6 0.070 2.300 0.027 1.90 7.7 123.0 29.6 21.0 26.3 
1050911 105 9.32 2.283 12.2 0.012 1.350 0.026 1.70 30.4 23.0 23.4 23.3 26.2 
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2040812 204 6.70 1.410 18.7 0.002 1.000 0.010 0.90 32.8 21.0 19.3 9.0 13.9 
5070810 507 7.60 1.800 8.6 0.009 2.650 0.055 0.90 4.7 47.0 31.1 12.4 14.2 
5310816 531 9.00 1.115 15.0 0.116 0.800 0.018 1.00 44.2 83.0 19.0 16.7 21.0 
5430911 543 8.30 3.988 17.7 0.040 1.000 0.025 2.90 7.8 95.0 56.1 12.6 23.7 
2391613 239 8.00 2.900 22.0 0.016 1.700 0.021 0.90 22.2 126.0 43.3 26.5 29.2 
5350907 535 8.30 1.600 13.7 0.029 0.750 0.011 1.00 12.2 53.0 13.7 9.6 11.4 
2040818 204 6.90 1.210 11.1 0.002 0.800 0.012 0.70 32.8 34.0 10.2 5.4 7.7 
4460518 446 7.65 2.339 7.2 0.006 2.050 0.026 1.60 9.7 30.0 19.7 10.4 13.2 
4241103 424 7.54 1.811 19.2 0.022 1.500 0.013 1.60 33.8 100.0 14.9 21.9 22.3 
1152005 115 5.80 1.530 13.0 0.002 1.400 0.014 1.10 44.6 4.0 6.1 8.7 11.4 
1200618 120 7.79 1.825 13.9 0.051 1.650 0.026 1.40 25.0 150.0 25.3 21.0 20.9 
3430713 343 6.35 1.187 15.7 0.008 1.300 0.020 1.00 19.2 35.0 5.1 9.3 14.3 
4740818 474 7.40 3.200 9.0 0.063 1.600 0.014 1.20 1.3 36.0 14.2 6.3 10.8 
1220503 122 7.79 1.741 29.5 0.075 2.450 0.036 1.40 8.0 128.0 71.2 23.5 30.4 
1271116 127 7.80 2.063 24.0 0.079 2.500 0.028 1.80 37.6 127.0 73.0 36.6 39.6 
3720815 372 7.27 1.302 23.5 0.038 2.750 0.057 0.10 54.0 160.0 75.7 39.1 46.7 
4512610 451 7.00 2.944 15.8 0.015 2.300 0.033 1.00 28.8 27.0 42.7 27.6 28.9 
1860212 186 7.68 0.913 19.9 0.235 1.000 0.015 0.80 1.3 190.0 17.7 7.4 10.8 
4880416 488 7.60 1.735 18.0 0.034 2.100 0.015 1.10 18.2 84.0 18.6 19.8 21.3 
3930307 393 7.55 3.700 13.0 0.061 3.750 0.065 2.60 24.3 100.0 31.3 37.8 43.8 
4231011 423 8.52 1.433 9.0 0.005 1.500 0.021 0.90 35.0 87.0 39.6 17.1 17.8 
4880413 488 7.70 0.935 21.0 0.034 2.650 0.014 0.30 18.2 81.0 23.2 18.4 22.6 
4563013 456 6.41 1.541 23.0 0.017 2.750 0.052 0.30 41.0 6.0 13.3 35.0 43.1 
5380805 538 6.64 1.620 8.8 0.039 3.100 0.048 0.30 44.8 69.0 12.4 23.1 31.1 
5230908 523 7.40 2.110 7.0 0.024 1.400 0.023 1.20 53.7 84.0 19.2 9.3 26.5 
4010609 401 5.66 4.810 3.9 0.008 1.300 0.020 0.60 25.6 3.0 25.5 5.2 12.7 
2391604 239 8.33 3.700 17.0 0.016 1.700 0.034 1.70 22.2 127.0 38.2 25.7 32.7 
1200418 120 7.93 1.425 13.9 0.051 1.700 0.025 1.00 25.0 148.0 12.8 20.8 19.8 
4920701 492 6.52 0.302 19.0 0.001 1.750 0.038 0.10 92.8 19.0 7.5 10.2 14.7 
1060705 106 8.90 2.267 15.6 0.004 1.200 0.019 1.70 26.4 36.0 11.9 21.7 22.6 
3840408 384 8.25 1.855 16.6 0.050 2.600 0.058 1.10 48.6 180.0 23.6 40.6 44.5 
3990817 399 7.40 1.599 9.0 0.079 1.950 0.038 1.00 72.8 14.0 7.7 24.1 27.2 
2210711 221 7.82 1.789 18.0 0.198 8.000 0.136 0.30 12.4 126.0 88.5 33.2 72.0 
1690814 169 7.47 2.450 23.0 0.070 2.350 0.032 2.00 7.7 101.0 30.7 21.3 26.7 
1860209 186 7.46 0.713 18.3 0.235 1.000 0.013 0.60 1.3 200.0 12.2 6.0 8.7 
3820617 382 9.04 0.769 14.5 0.077 2.000 0.050 0.10 5.2 78.0 6.2 14.6 18.8 
5080515 508 7.75 3.250 24.0 0.038 3.900 0.057 1.20 5.0 73.0 71.0 32.3 40.3 
4540517 454 9.00 1.538 17.1 0.105 2.150 0.041 1.00 41.9 137.0 41.8 33.7 39.5 
1111410 111 7.67 2.598 22.9 0.003 1.450 0.029 1.70 31.3 9.0 10.9 20.7 27.6 
4290714 429 9.55 1.388 18.0 0.161 1.750 0.053 0.40 28.6 64.0 5.3 34.1 36.4 
2600602 260 7.17 0.850 20.9 0.018 1.500 0.049 0.20 52.8 60.0 10.8 22.2 30.4 
2620716 262 6.80 1.699 17.2 0.014 1.600 0.023 1.20 105.6 10.0 20.4 23.6 38.3 
1030817 103 7.63 2.588 19.0 0.018 1.600 0.024 2.00 52.8 113.0 35.6 30.9 38.2 
1271001 127 7.02 1.563 19.0 0.079 2.700 0.025 1.30 37.6 132.0 42.8 28.6 33.0 
4060810 406 7.24 3.920 13.8 0.035 3.200 0.029 3.50 32.4 49.0 9.5 33.2 40.3 
4090814 409 9.04 1.708 20.0 0.009 1.500 0.016 1.30 42.5 39.0 33.2 30.2 29.1 
4290705 429 9.61 1.388 17.5 0.161 1.550 0.049 0.40 28.6 38.0 7.2 31.8 34.6 
4241112 424 7.11 1.611 8.8 0.022 1.400 0.014 1.40 33.8 102.0 7.9 9.2 14.7 
 117 
Event ID Plant ID pH  
Cl Dose 
(mg/l) 
Temp 
(°C) 
Br 
(mg/l) 
TOC 
(mg/l) 
UV254 
(cm-1) 
Residual 
Cl (mg/l) 
Time 
(hr) 
Alk (mg/l 
as 
CaCO3) 
THM 
Obs 
(μg/l) 
Model 
B1 
Model 
A1 
3110904 311 7.59 3.453 22.4 0.056 3.500 0.076 1.10 48.0 92.0 63.8 63.7 64.0 
2630801 263 7.50 1.470 18.5 0.028 1.500 0.027 0.90 43.2 22.0 37.8 25.9 25.8 
4730706 473 7.30 4.900 16.0 0.036 2.100 0.026 1.20 3.9 30.0 51.7 14.8 23.4 
1400606 140 8.90 1.028 12.9 0.007 0.950 0.009 0.90 157.6 18.0 41.2 19.0 24.3 
4230805 423 8.52 1.633 7.0 0.005 1.200 0.013 1.10 35.0 81.0 23.2 10.1 15.0 
4090803 409 8.64 1.708 22.0 0.009 1.800 0.023 1.30 42.5 34.0 27.0 31.8 32.1 
3720706 372 7.42 2.502 3.5 0.038 2.700 0.040 1.30 54.0 192.0 16.0 15.8 34.5 
3331014 333 6.81 2.300 24.1 0.001 1.400 0.010 2.00 38.4 24.0 8.2 15.9 24.8 
5594312 559 7.41 3.410 21.0 0.102 1.950 0.040 1.80 77.4 64.0 46.3 47.9 50.4 
1070912 107 7.68 3.275 29.0 0.060 1.500 0.020 2.50 36.8 66.0 53.7 30.6 39.2 
5070801 507 6.78 1.900 22.5 0.009 2.350 0.042 1.00 4.7 46.0 59.0 16.8 17.7 
2510601 251 7.85 1.640 18.0 0.001 1.600 0.016 1.20 58.0 33.0 47.3 21.4 33.6 
2320812 232 8.35 0.973 14.8 0.003 0.900 0.017 0.80 6.0 135.0 11.6 7.7 7.4 
4910411 491 7.70 1.950 9.4 0.037 1.600 0.018 1.00 150.2 87.0 9.5 23.6 32.8 
4590406 459 7.36 3.800 6.9 0.053 3.600 0.039 2.50 9.6 76.0 12.2 16.1 26.4 
4502604 450 7.10 3.036 20.2 0.015 2.550 0.023 1.10 28.8 20.0 58.6 32.7 33.8 
4590409 459 7.76 3.400 7.8 0.053 2.900 0.043 2.10 9.6 89.0 21.2 16.7 24.5 
5290418 529 8.90 0.850 13.4 0.034 1.200 0.016 0.50 31.2 32.0 4.8 18.0 17.5 
4740806 474 7.60 3.100 10.0 0.063 1.150 0.019 1.10 1.3 29.0 29.5 6.1 10.4 
5570715 557 8.09 2.600 24.0 0.010 2.000 0.041 0.20 122.7 59.0 57.7 57.2 55.4 
4660402 466 6.80 1.991 20.7 0.049 2.450 0.034 1.00 13.0 18.0 79.2 24.3 24.0 
3050413 305 9.23 0.655 26.0 0.086 5.600 0.180 0.10 9.7 36.0 12.1 41.1 58.8 
1111404 111 7.53 3.498 22.9 0.003 2.150 0.035 2.60 31.3 8.0 15.6 32.5 37.9 
4011009 401 7.45 4.710 7.8 0.008 1.200 0.019 0.50 25.6 24.0 36.0 9.5 21.4 
4563001 456 6.17 1.341 27.4 0.017 3.000 0.018 0.10 41.0 13.0 15.5 27.3 50.1 
1030811 103 7.84 2.288 20.0 0.018 1.100 0.020 1.70 52.8 68.0 29.4 21.1 26.9 
4730509 473 6.10 4.100 9.0 0.036 1.300 0.016 0.40 3.9 7.0 30.9 5.7 10.2 
4060813 406 7.40 3.520 27.2 0.035 2.100 0.020 3.10 32.4 86.0 31.4 36.5 40.9 
4020803 402 1.80 2.650 2.0 0.047 3.100 0.038 1.80 5.6 9.0 25.5 1.0 -4.6 
1190703 119 7.89 1.333 31.1 0.069 2.250 0.032 1.00 25.4 128.0 66.2 30.1 35.4 
4180714 418 7.46 2.030 17.1 0.027 1.800 0.016 1.10 88.8 104.0 18.0 30.6 33.0 
1411115 141 7.20 0.563 19.0 0.021 2.600 0.028 0.10 155.6 90.0 57.8 21.5 47.6 
1320316 132 7.76 1.690 23.0 0.079 1.900 0.034 1.10 11.4 122.0 26.9 20.2 24.2 
3273516 327 7.33 2.300 14.5 0.013 1.300 0.014 1.70 47.0 21.0 16.9 15.8 21.1 
3331011 333 7.47 2.200 16.1 0.001 1.200 0.018 1.90 38.4 19.0 10.4 12.6 19.9 
1290817 129 7.91 0.380 19.6 0.090 2.200 0.027 0.20 11.4 124.0 24.2 16.4 17.6 
1430503 143 8.91 1.027 18.5 0.008 0.900 0.018 0.90 153.6 19.0 53.0 28.6 29.4 
4231017 423 8.53 1.333 11.0 0.005 1.350 0.013 0.80 35.0 82.0 24.6 15.7 16.8 
4530817 453 9.05 1.776 10.3 0.049 2.800 0.046 0.80 37.6 74.0 49.7 30.9 36.4 
4440715 444 6.52 5.075 24.7 0.001 1.100 0.020 1.00 31.2 14.0 27.3 15.5 34.4 
3971208 397 8.91 1.145 12.0 0.054 2.700 0.074 0.30 28.0 77.0 15.8 27.0 31.0 
2190703 219 7.00 2.222 24.0 0.106 3.850 0.060 1.60 34.8 113.0 67.7 44.0 51.4 
4231008 423 8.42 1.233 6.0 0.005 1.500 0.014 0.70 35.0 85.0 18.4 10.6 14.0 
5400816 540 7.80 3.461 19.0 0.044 2.350 0.033 2.70 49.8 115.0 49.9 46.3 45.3 
4090805 409 8.34 1.308 14.5 0.009 1.700 0.016 0.90 42.5 40.0 20.3 22.3 23.7 
5290512 529 7.94 1.450 14.6 0.034 0.900 0.014 1.10 31.2 38.0 8.8 14.5 15.8 
1050705 105 9.00 2.283 14.4 0.012 1.500 0.025 1.70 30.4 39.0 16.9 22.7 27.2 
5581412 558 7.51 3.294 21.5 0.017 1.750 0.030 2.10 77.6 44.0 59.1 43.0 44.4 
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4660708 466 7.20 1.791 9.9 0.049 1.500 0.022 0.80 13.0 70.0 39.4 10.7 12.1 
2730304 273 7.80 2.644 18.0 0.036 1.800 0.032 1.00 27.6 64.0 15.2 28.5 29.6 
2510604 251 7.61 1.540 14.0 0.001 1.850 0.013 1.10 58.0 41.0 32.9 16.6 31.1 
4840614 484 6.97 0.504 16.4 0.010 0.800 0.010 0.20 16.0 33.0 9.5 6.0 5.4 
5241002 524 7.30 1.719 22.0 0.009 1.600 0.012 1.00 41.9 83.0 22.7 23.1 23.0 
3273304 327 5.80 1.300 14.8 0.013 1.800 0.165 0.70 47.0 7.0 17.2 17.2 18.3 
4564501 456 7.24 2.641 25.9 0.017 2.850 0.023 1.40 41.0 13.0 23.5 40.5 44.9 
3290703 329 6.21 0.900 20.0 0.002 0.700 0.010 0.30 32.5 8.0 11.9 6.8 23.0 
2740404 274 7.60 4.311 18.0 0.033 1.800 0.029 2.50 30.8 60.0 35.2 30.8 37.0 
3110616 311 6.17 2.653 24.6 0.056 4.000 0.078 0.30 48.0 35.0 37.2 54.0 71.4 
3180710 318 7.94 2.764 24.3 0.015 2.500 0.075 0.30 23.2 112.0 18.2 40.3 42.6 
1180618 118 7.51 2.092 16.0 0.013 1.700 0.013 0.90 20.8 28.0 9.9 17.9 18.4 
2730507 273 7.50 3.144 11.0 0.036 2.100 0.047 1.50 27.6 49.0 33.7 22.9 27.9 
3290912 329 9.10 1.500 23.0 0.002 1.200 0.014 0.90 32.5 19.0 34.7 24.3 23.7 
2190803 219 8.18 0.822 24.0 0.106 4.000 0.068 0.20 34.8 130.0 88.3 31.8 47.5 
4073010 407 7.40 2.191 13.3 0.025 1.700 0.017 1.70 33.8 18.0 13.6 20.7 22.1 
3410802 341 7.40 3.571 24.0 0.024 4.150 0.069 0.10 21.4 138.0 87.5 47.2 54.7 
1860203 186 7.48 0.813 20.7 0.235 0.850 0.014 0.70 1.3 195.0 14.0 6.5 9.4 
4840914 484 7.43 1.204 18.0 0.010 0.800 0.013 0.90 16.0 36.0 13.2 10.1 9.3 
1030814 103 7.58 2.488 26.0 0.018 1.800 0.027 1.90 52.8 118.0 42.4 36.4 38.2 
1290914 129 7.67 1.280 19.3 0.090 2.300 0.027 1.10 11.4 138.0 37.3 20.5 21.8 
5421008 542 8.70 3.700 6.5 0.077 1.850 0.039 2.70 14.8 122.0 72.9 14.1 26.1 
3290905 329 9.00 1.700 14.0 0.002 1.000 0.011 1.10 32.5 18.0 21.6 19.9 17.1 
3050516 305 8.77 0.655 25.0 0.086 6.750 0.195 0.10 9.7 48.0 12.5 36.2 63.3 
5460905 546 9.50 2.844 9.3 0.148 4.050 0.099 1.20 2.0 90.0 41.6 23.2 35.4 
1631110 163 7.87 1.880 12.2 0.060 1.700 0.020 1.50 51.0 120.0 16.7 23.5 24.8 
1631104 163 7.30 2.180 16.1 0.060 2.000 0.023 1.80 51.0 103.0 12.6 29.6 36.0 
5341108 534 9.59 2.500 8.6 0.029 1.250 0.018 1.00 16.9 50.0 9.2 16.1 21.4 
4521016 452 8.02 3.940 23.9 0.023 2.050 0.044 3.60 37.6 33.0 8.6 44.5 50.4 
1310313 131 7.52 2.037 25.0 0.078 2.800 0.044 1.50 11.3 104.0 49.0 26.3 32.5 
3180716 318 7.94 3.264 25.3 0.015 2.600 0.065 0.80 23.2 109.0 25.4 43.2 46.5 
5381017 538 7.15 3.520 11.5 0.039 2.900 0.039 2.20 44.8 80.0 14.9 34.9 41.5 
4460503 446 7.80 2.639 23.9 0.006 2.200 0.032 1.90 9.7 39.0 47.1 22.1 27.1 
5130816 513 7.37 2.850 15.2 0.005 2.750 0.023 1.20 18.0 110.0 32.5 22.9 25.6 
4030709 403 9.86 1.343 6.0 0.011 1.800 0.035 0.70 71.6 29.0 23.5 21.6 28.2 
1040708 104 9.00 2.150 11.7 0.019 1.200 0.024 1.50 43.2 26.0 17.2 19.8 25.2 
5230717 523 7.50 2.310 13.0 0.024 1.500 0.017 1.40 53.7 82.0 19.3 21.7 31.4 
2880807 288 7.30 3.649 23.4 0.026 1.000 0.027 1.90 7.6 103.0 14.6 10.8 20.9 
2550909 255 7.80 0.662 10.0 0.006 1.200 0.031 0.10 16.0 34.0 22.6 8.9 6.9 
2150717 215 7.08 3.431 18.9 0.107 3.150 0.044 2.60 24.2 99.0 39.4 42.3 41.6 
4020815 402 7.02 3.050 21.9 0.047 2.450 0.035 2.20 5.6 8.0 20.4 18.5 25.2 
2170702 217 7.48 0.260 25.2 0.106 2.600 0.049 0.10 5.0 102.0 6.2 13.5 18.8 
5140413 514 7.61 0.639 22.0 0.002 2.500 0.041 0.10 36.3 61.0 8.9 24.0 23.8 
3740918 374 7.44 1.463 4.0 0.016 3.500 0.066 0.10 72.2 112.0 31.3 21.3 30.2 
1211309 121 8.01 1.294 16.3 0.047 2.500 0.032 1.00 18.4 128.0 25.9 22.4 24.3 
4730715 473 7.40 5.100 25.0 0.036 2.400 0.033 1.40 3.9 41.0 83.2 23.0 32.8 
2041003 204 8.40 1.110 20.9 0.002 1.050 0.015 0.60 32.8 55.0 55.5 19.0 17.5 
1101404 110 7.51 3.548 22.2 0.003 2.050 0.032 2.60 32.2 12.0 22.2 30.4 36.5 
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3740809 374 7.08 3.663 8.0 0.016 3.200 0.050 2.30 72.2 88.0 46.4 33.9 44.5 
4390513 439 5.40 5.935 28.2 0.013 3.450 0.045 4.00 45.4 3.0 36.2 54.2 62.1 
4920801 492 9.53 1.902 18.0 0.001 1.750 0.030 1.70 92.8 52.0 30.7 40.2 42.8 
3273307 327 6.80 1.200 10.4 0.013 1.100 0.017 0.60 47.0 11.0 11.2 7.4 19.5 
4840911 484 7.48 1.404 11.9 0.010 1.100 0.017 1.10 16.0 36.0 9.9 8.7 9.3 
4090711 409 6.90 1.608 13.0 0.009 2.000 0.019 1.20 42.5 21.0 12.2 17.0 24.0 
5080512 508 7.90 2.750 19.6 0.038 2.650 0.043 0.70 5.0 69.0 67.1 22.2 27.4 
1211315 121 7.70 1.394 18.2 0.047 2.700 0.035 1.10 18.4 135.0 29.2 25.5 26.2 
4090714 409 6.70 1.708 21.2 0.009 1.500 0.017 1.30 42.5 22.0 18.7 18.4 24.6 
1040705 104 8.10 2.950 17.0 0.019 1.800 0.030 2.30 43.2 36.0 22.3 32.0 37.3 
4180904 418 7.64 2.330 17.5 0.027 1.600 0.011 1.40 88.8 110.0 23.9 26.7 32.6 
1320513 132 7.63 1.790 25.5 0.079 2.850 0.048 1.20 11.4 106.0 75.4 27.1 32.8 
3290915 329 9.10 1.700 21.8 0.002 1.400 0.009 1.10 32.5 19.0 26.1 24.6 24.6 
1210706 121 7.91 1.394 15.0 0.047 2.400 0.030 1.10 18.4 127.0 26.0 20.4 22.7 
2150805 215 7.35 0.931 19.7 0.107 4.000 0.065 0.10 24.2 111.0 71.8 29.8 36.5 
4920807 492 9.50 2.302 2.0 0.001 1.800 0.030 2.10 92.8 41.0 14.7 12.1 28.5 
5360913 536 8.40 1.600 14.8 0.027 0.800 0.009 1.20 13.2 95.0 11.7 10.4 12.4 
1111416 111 7.97 2.998 24.2 0.003 2.300 0.039 2.10 31.3 15.0 17.0 41.4 41.0 
3261707 326 6.92 2.900 9.4 0.043 1.600 0.033 1.90 30.6 14.0 29.0 13.7 22.4 
4470312 447 7.76 2.104 27.4 0.020 1.800 0.031 1.10 6.1 39.0 18.7 18.3 23.2 
4760601 476 6.63 3.000 23.6 0.027 3.500 0.060 1.00 7.6 56.0 70.8 31.4 33.0 
2210808 221 8.09 1.789 15.0 0.030 2.050 0.037 0.30 12.4 126.0 38.0 20.2 21.1 
4690603 469 7.42 2.220 21.3 0.022 1.900 0.046 1.30 38.4 52.0 25.0 35.4 34.1 
5260705 526 7.20 1.640 11.0 0.014 1.800 0.019 1.30 60.2 78.0 14.2 17.4 35.0 
5230705 523 7.30 2.310 12.0 0.024 1.300 0.014 1.40 53.7 80.0 13.1 15.1 21.3 
4300207 430 9.80 0.881 7.2 0.054 1.800 0.061 0.10 48.0 53.0 7.6 22.5 26.3 
5461105 546 9.05 3.344 8.6 0.148 4.100 0.073 1.70 2.0 76.0 43.3 21.6 33.3 
4470518 447 7.50 2.504 7.9 0.020 2.000 0.023 1.50 6.1 32.0 13.2 9.2 12.9 
2980614 298 6.20 0.849 28.0 0.077 3.950 0.121 0.20 20.3 44.0 21.7 28.3 49.0 
1200603 120 7.77 1.625 26.1 0.051 2.450 0.038 1.20 25.0 130.0 61.2 30.1 34.5 
1180612 118 8.62 1.792 25.4 0.013 1.500 0.022 0.60 20.8 46.0 26.4 25.9 27.0 
4760604 476 6.89 4.100 12.8 0.027 3.850 0.055 2.10 7.6 60.0 53.5 27.6 30.6 
2530603 253 7.20 1.093 22.0 0.010 2.050 0.034 0.50 10.6 40.0 33.5 19.2 16.6 
5400810 540 7.93 0.861 16.1 0.044 2.600 0.066 0.10 49.8 235.0 85.3 24.4 35.8 
4564513 456 7.57 1.341 21.0 0.017 3.000 0.060 0.10 41.0 16.0 87.3 34.4 36.6 
4840609 484 7.52 0.504 7.6 0.010 0.950 0.010 0.20 16.0 37.0 4.8 5.6 2.9 
4910511 491 7.57 2.050 9.4 0.037 1.600 0.018 1.10 150.2 86.0 12.6 23.0 33.5 
4301407 430 9.70 0.881 3.9 0.054 1.700 0.064 0.10 48.0 50.0 10.1 15.4 22.6 
2740401 274 7.70 2.311 27.0 0.033 1.800 0.028 0.50 30.8 52.0 40.1 32.3 34.1 
3190706 319 7.82 4.264 25.0 0.014 1.450 0.027 0.90 42.0 116.0 10.8 32.9 42.1 
4910514 491 7.44 2.150 16.6 0.037 1.600 0.015 1.20 150.2 83.0 20.4 32.3 39.6 
3030802 303 7.18 2.110 28.7 0.158 0.750 0.016 2.00 3.8 226.0 6.5 7.7 16.0 
4920804 492 9.46 2.202 15.0 0.001 1.750 0.018 2.00 92.8 48.0 46.9 34.1 38.7 
1152017 115 8.20 1.630 17.0 0.002 2.100 0.014 1.20 44.6 6.0 12.2 24.4 28.7 
2331009 233 8.40 0.999 10.4 0.024 1.100 0.027 0.80 11.6 125.0 5.9 11.1 10.5 
2150711 215 6.85 3.231 15.9 0.107 3.950 0.069 2.40 24.2 84.0 55.0 43.5 44.3 
3630612 363 7.60 2.629 26.0 0.051 3.100 0.072 0.20 40.0 131.0 43.1 53.2 55.9 
2200803 220 8.22 0.993 26.0 0.236 5.500 0.081 0.30 22.0 148.0 90.0 33.0 60.7 
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5960911 596 7.20 1.322 26.7 0.019 0.950 0.015 1.20 3.0 7.0 27.1 9.5 10.0 
4760804 476 8.20 3.400 15.1 0.027 3.550 0.024 1.40 7.6 60.0 57.9 25.0 32.5 
5381014 538 7.32 4.520 24.8 0.039 3.750 0.045 3.20 44.8 85.0 40.9 58.1 68.8 
3820811 382 8.54 0.769 16.2 0.077 2.250 0.058 0.10 5.2 82.0 42.5 16.0 19.3 
1310504 131 7.91 1.537 22.5 0.078 1.150 0.019 1.00 11.3 142.0 39.9 15.4 18.0 
3710715 371 7.55 3.568 23.0 0.064 3.300 0.052 2.50 147.2 230.0 73.4 94.0 84.5 
2620816 262 7.40 1.599 18.9 0.014 1.600 0.024 1.10 105.6 16.0 35.2 34.3 33.0 
2530609 253 7.50 1.093 4.0 0.010 1.700 0.027 0.50 10.6 72.0 15.1 5.3 6.2 
4512001 451 6.00 4.944 27.0 0.015 2.700 0.032 3.00 28.8 17.0 31.9 38.9 58.4 
3710709 371 7.40 3.068 8.5 0.064 3.000 0.052 2.00 147.2 222.0 25.6 45.7 54.9 
1070918 107 7.30 3.375 17.0 0.060 1.450 0.023 2.60 36.8 70.0 46.8 25.1 31.0 
4140711 414 7.46 0.896 14.6 0.016 1.500 0.018 0.50 16.2 80.0 20.0 12.5 10.9 
3840414 384 8.22 1.855 28.5 0.050 3.400 0.085 1.10 48.6 155.0 57.4 50.2 67.9 
3190806 319 7.88 4.164 25.0 0.014 1.300 0.026 0.80 42.0 110.0 12.8 29.7 40.2 
1060917 106 8.90 2.267 16.0 0.004 1.200 0.021 1.70 26.4 26.0 24.0 22.8 23.6 
4390504 439 5.60 5.735 23.2 0.013 3.200 0.044 3.80 45.4 3.0 35.6 45.9 52.3 
1280710 128 7.95 1.700 17.0 0.061 2.600 0.032 1.30 14.7 125.0 19.6 23.8 26.2 
3850510 385 7.19 3.425 15.0 0.048 2.200 0.017 3.00 33.6 45.0 47.4 24.7 31.8 
3470712 347 7.50 2.050 17.5 0.020 1.700 0.014 0.80 27.0 100.0 23.7 21.6 21.5 
5350901 535 8.06 2.000 15.8 0.029 0.850 0.016 1.40 12.2 53.0 9.1 11.2 14.2 
5607312 560 7.69 3.054 21.0 0.103 2.100 0.039 1.60 67.1 65.0 65.2 49.2 70.7 
4130611 413 7.30 0.977 15.8 0.016 1.500 0.018 0.70 15.6 78.0 19.1 12.8 11.4 
1190603 119 7.77 1.933 28.9 0.069 2.250 0.032 1.60 25.4 134.0 34.9 29.6 37.2 
1810609 181 7.25 0.495 12.9 0.012 1.300 0.024 0.10 228.5 30.0 20.8 12.1 40.7 
4840611 484 7.06 0.604 12.3 0.010 0.900 0.017 0.30 16.0 31.0 6.3 6.2 4.8 
4450712 445 6.15 1.932 24.1 0.016 2.100 0.028 0.80 31.2 11.0 42.8 25.2 38.0 
1152011 115 6.00 1.530 28.0 0.002 1.500 0.018 1.10 44.6 5.0 13.6 16.7 20.8 
3710806 371 7.42 1.268 7.0 0.064 2.600 0.055 0.20 147.2 258.0 30.4 28.2 38.8 
2620701 262 6.80 1.299 15.8 0.014 1.300 0.022 0.80 105.6 7.0 20.6 12.5 33.6 
4010612 401 5.18 4.810 16.7 0.008 3.000 0.050 0.60 25.6 3.0 71.4 23.8 29.9 
4460315 446 8.25 1.639 25.6 0.006 3.100 0.029 0.90 9.7 36.0 20.6 27.9 31.1 
4520816 452 6.12 0.640 23.5 0.023 1.850 0.025 0.30 37.6 17.0 20.2 16.0 14.2 
4540314 454 8.95 1.738 22.2 0.105 2.800 0.056 1.20 41.9 118.0 37.9 36.8 51.3 
1060717 106 9.40 2.367 17.0 0.004 1.300 0.021 1.80 26.4 31.0 17.7 28.1 27.6 
5140613 514 7.98 1.739 20.0 0.002 2.500 0.035 1.20 36.3 64.0 17.1 33.2 32.9 
4564504 456 7.55 1.341 17.0 0.017 1.900 0.025 0.10 41.0 16.0 77.0 25.1 22.5 
4470318 447 7.38 2.704 6.8 0.020 1.800 0.024 1.70 6.1 31.0 8.4 8.0 11.8 
5960908 596 7.30 1.122 10.5 0.019 1.000 0.012 1.00 3.0 12.0 22.2 5.1 3.5 
2620810 262 7.50 1.599 10.9 0.014 1.600 0.020 1.10 105.6 14.0 32.1 18.2 26.4 
2730316 273 7.60 2.244 16.0 0.036 2.100 0.035 0.60 27.6 65.0 13.9 27.4 27.5 
1111407 111 8.13 2.698 17.1 0.003 1.700 0.031 1.80 31.3 10.0 6.5 22.8 28.1 
2060917 206 7.88 1.073 16.3 0.005 0.800 0.011 0.70 31.4 22.0 15.3 11.8 11.8 
1211312 121 8.04 1.294 24.5 0.047 2.700 0.033 1.00 18.4 127.0 34.1 26.6 31.6 
2040803 204 6.90 1.210 21.6 0.002 1.000 0.015 0.70 32.8 39.0 21.1 9.8 13.9 
3970917 397 8.85 0.945 21.0 0.054 2.500 0.080 0.10 28.0 86.0 18.6 31.3 36.3 
4200411 420 7.10 1.645 15.0 0.063 0.900 0.022 0.60 3.0 292.0 8.5 6.5 7.8 
4910405 491 7.67 2.350 9.7 0.037 1.850 0.022 1.40 150.2 89.0 11.0 28.7 38.1 
4910414 491 7.50 2.150 18.0 0.037 1.600 0.015 1.20 150.2 84.0 15.5 32.7 40.6 
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3180816 318 7.61 3.964 25.5 0.015 2.400 0.064 1.50 23.2 106.0 32.7 42.3 47.2 
5594306 559 7.29 3.710 5.5 0.102 2.000 0.032 2.10 77.4 75.0 24.2 20.1 35.7 
2620710 262 7.20 1.599 9.3 0.014 1.600 0.020 1.10 105.6 8.0 22.0 12.2 26.4 
2900813 290 7.85 3.032 27.0 0.040 2.000 0.046 1.20 17.6 125.0 14.1 31.2 37.6 
4090811 409 8.52 1.608 13.5 0.009 1.400 0.015 1.20 42.5 33.0 20.8 21.7 23.4 
4020809 402 6.80 2.050 6.5 0.047 2.700 0.037 1.20 5.6 5.0 17.8 9.4 13.1 
3730809 373 7.41 1.630 7.5 0.018 2.450 0.044 0.30 84.4 204.0 39.5 24.4 29.0 
2730504 273 7.60 3.344 19.0 0.036 1.800 0.033 1.70 27.6 62.0 40.1 29.7 32.9 
5381005 538 7.24 3.620 8.8 0.039 3.000 0.047 2.30 44.8 86.0 22.0 32.4 40.6 
4073013 407 7.73 2.491 25.4 0.025 1.750 0.028 2.00 33.8 33.0 55.4 31.6 34.1 
1200615 120 7.72 1.825 22.8 0.051 2.700 0.039 1.40 25.0 118.0 43.4 30.1 35.1 
3710703 371 7.27 3.468 23.0 0.064 2.950 0.050 2.40 147.2 228.0 83.6 82.6 78.0 
1180615 118 8.73 1.692 24.0 0.013 3.100 0.065 0.50 20.8 32.0 48.1 35.2 43.8 
1830804 183 7.64 2.313 21.0 0.033 1.550 0.031 1.80 20.7 175.0 74.7 22.3 25.1 
1210709 121 8.01 1.294 16.9 0.047 2.500 0.032 1.00 18.4 127.0 25.5 22.9 24.7 
3261713 326 7.50 2.800 27.5 0.043 1.700 0.023 1.80 30.6 28.0 42.8 30.8 35.2 
4030712 403 9.31 1.643 20.0 0.011 1.700 0.031 1.00 71.6 26.0 18.7 37.4 39.8 
2170708 217 7.90 0.360 14.0 0.106 2.100 0.033 0.20 5.0 125.0 17.1 9.0 12.4 
2980617 298 10.20 0.849 25.0 0.077 3.500 0.114 0.20 20.3 43.0 17.5 39.6 55.8 
5230702 523 7.40 2.310 23.0 0.024 1.750 0.013 1.40 53.7 82.0 28.0 27.5 31.7 
2790805 279 8.63 5.236 23.2 0.034 0.700 0.013 0.90 52.8 8.0 26.4 25.6 49.6 
4090710 409 6.84 1.708 12.0 0.009 1.400 0.017 1.30 42.5 22.0 13.0 11.6 20.6 
1060911 106 9.10 2.367 11.1 0.004 1.500 0.029 1.80 26.4 23.0 18.4 20.3 24.3 
4130705 413 7.00 1.177 7.3 0.016 1.200 0.012 0.90 15.6 68.0 14.6 5.5 6.0 
4090703 409 6.85 1.708 22.5 0.009 1.900 0.022 1.30 42.5 22.0 22.0 27.1 30.3 
1060905 106 8.90 2.067 13.3 0.004 1.200 0.018 1.50 26.4 36.0 14.2 19.3 20.4 
4010615 401 6.40 4.710 21.1 0.008 2.500 0.029 0.50 25.6 10.0 36.5 34.5 40.5 
3740912 374 7.24 2.663 25.5 0.016 2.800 0.064 1.30 72.2 102.0 95.0 60.7 57.2 
4440815 444 7.20 5.475 24.7 0.001 1.000 0.018 1.40 31.2 25.0 34.0 19.0 33.6 
4390510 439 4.80 5.135 17.9 0.013 2.500 0.043 3.20 45.4 1.0 24.0 20.9 33.1 
1430415 143 8.15 0.627 17.6 0.008 1.000 0.019 0.50 153.6 18.0 39.0 20.9 23.8 
2321018 232 8.30 1.273 9.8 0.003 1.500 0.033 1.10 6.0 146.0 35.0 10.3 9.6 
3050410 305 8.90 0.755 26.0 0.086 5.200 0.178 0.20 9.7 40.0 8.4 33.8 54.9 
4470505 447 7.61 2.304 12.4 0.020 2.000 0.024 1.30 6.1 36.0 15.1 14.0 15.3 
5607309 560 7.55 3.154 9.5 0.103 1.300 0.027 1.70 67.1 43.0 30.5 17.9 52.7 
4880602 488 7.60 1.535 18.0 0.034 2.250 0.022 0.90 18.2 82.0 31.7 20.8 22.1 
1700705 170 7.81 2.163 19.6 0.052 2.450 0.030 1.60 5.3 123.0 34.3 21.8 24.0 
3342017 334 6.50 1.900 21.0 0.018 1.600 0.013 1.30 45.6 10.0 8.9 20.2 29.8 
1271010 127 7.39 1.163 17.4 0.079 2.200 0.023 0.90 37.6 115.0 48.7 26.4 26.6 
4730506 473 6.60 4.300 5.0 0.036 2.050 0.027 0.60 3.9 18.0 51.7 6.7 12.6 
5400807 540 7.80 0.961 7.0 0.044 2.300 0.055 0.20 49.8 120.0 40.1 19.1 21.1 
3343014 334 9.20 2.500 30.0 0.018 1.400 0.018 1.90 45.6 26.0 35.4 39.5 43.3 
2331003 233 8.11 1.299 16.2 0.024 6.300 0.022 1.10 11.6 175.0 25.7 22.0 42.9 
1301705 130 7.68 1.110 26.6 0.152 0.800 0.010 1.00 4.0 206.0 16.2 7.9 12.9 
4880613 488 7.70 1.435 21.0 0.034 2.500 0.014 0.80 18.2 79.0 31.7 19.6 24.5 
1080815 108 7.70 3.325 29.0 0.045 1.300 0.019 2.50 14.8 73.0 24.9 20.2 29.5 
4520813 452 4.17 1.540 27.6 0.023 2.250 0.023 1.20 37.6 16.0 15.5 10.4 14.4 
5251011 525 7.30 2.388 13.0 0.014 1.700 0.023 1.20 45.9 80.0 16.5 21.6 27.7 
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Event ID Plant ID pH  
Cl Dose 
(mg/l) 
Temp 
(°C) 
Br 
(mg/l) 
TOC 
(mg/l) 
UV254 
(cm-1) 
Residual 
Cl (mg/l) 
Time 
(hr) 
Alk (mg/l 
as 
CaCO3) 
THM 
Obs 
(μg/l) 
Model 
B1 
Model 
A1 
5290518 529 7.52 1.350 15.3 0.034 1.200 0.014 1.00 31.2 32.0 11.0 15.3 15.2 
2510510 251 6.86 1.040 5.0 0.001 1.000 0.015 0.60 58.0 12.0 18.2 4.5 22.0 
4010603 401 6.30 4.910 22.0 0.008 2.050 0.035 0.70 25.6 8.0 55.9 31.5 40.7 
3730818 373 7.68 1.430 8.0 0.018 2.250 0.048 0.10 84.4 270.0 32.0 23.3 27.3 
4241118 424 7.22 1.611 10.2 0.022 1.500 0.013 1.40 33.8 98.0 9.6 11.4 15.8 
5230917 523 7.50 2.010 13.0 0.024 1.500 0.016 1.10 53.7 82.0 23.5 19.4 22.3 
1320504 132 7.57 1.790 25.0 0.079 2.000 0.035 1.20 11.4 128.0 54.7 20.6 25.7 
2600705 260 7.52 0.750 14.7 0.018 1.050 0.044 0.10 52.8 84.0 5.1 12.3 15.6 
3430913 343 7.26 0.887 13.0 0.008 1.200 0.020 0.70 19.2 44.0 6.3 9.0 8.2 
5230711 523 7.40 2.110 14.0 0.024 1.700 0.024 1.20 53.7 86.0 24.7 25.0 25.7 
1261008 126 7.97 1.520 15.2 0.052 1.400 0.013 1.00 37.6 159.0 63.9 19.3 21.7 
5140410 514 7.66 0.639 5.0 0.002 2.200 0.034 0.10 36.3 60.0 6.2 8.9 12.9 
5070813 507 6.90 2.200 19.0 0.009 3.600 0.055 1.30 4.7 46.0 61.5 21.5 24.2 
3710818 371 7.59 1.268 12.0 0.064 2.950 0.066 0.20 147.2 240.0 44.0 38.4 47.3 
1040911 104 8.70 2.250 20.6 0.019 1.300 0.027 1.60 43.2 38.0 25.4 29.6 35.1 
4180908 418 7.46 2.230 3.7 0.027 1.800 0.040 1.30 88.8 106.0 18.8 11.6 25.9 
2900810 290 7.19 3.432 25.9 0.040 1.800 0.048 1.60 17.6 137.0 29.2 27.0 33.9 
1050708 105 9.40 2.083 10.5 0.012 1.700 0.038 1.50 30.4 26.0 14.6 24.7 28.3 
4900601 490 7.91 0.800 23.0 0.025 1.750 0.028 0.30 81.6 85.0 19.4 27.5 29.7 
5350707 535 8.36 1.900 14.2 0.029 0.900 0.014 1.30 12.2 52.0 7.3 11.8 14.1 
5611102 561 7.73 1.431 16.5 0.019 0.950 0.015 0.90 176.6 170.0 7.3 21.5 30.0 
3110601 311 6.80 2.853 32.0 0.056 2.750 0.055 0.50 48.0 93.0 45.0 54.8 57.6 
2550612 255 7.00 0.762 10.0 0.006 2.350 0.046 0.20 16.0 24.0 23.9 10.4 11.7 
1631007 163 8.04 0.480 8.9 0.060 2.000 0.020 0.10 51.0 91.0 4.3 14.0 23.5 
1310310 131 7.97 1.837 15.5 0.078 1.600 0.030 1.30 11.3 162.0 18.5 17.6 19.3 
1230603 123 7.66 1.183 27.2 0.043 2.450 0.029 0.90 17.8 146.0 46.7 24.4 28.0 
2611004 261 7.50 1.269 17.4 0.011 2.750 0.021 0.90 76.8 29.0 16.5 29.5 34.1 
1230609 123 7.83 1.883 17.4 0.043 1.300 0.023 1.60 17.8 200.0 27.6 17.3 18.9 
2740510 274 7.30 3.311 15.0 0.033 1.200 0.018 1.50 30.8 36.0 20.5 17.6 24.0 
2060902 206 8.40 0.873 16.8 0.005 0.750 0.011 0.50 31.4 25.0 20.4 11.5 11.2 
1030808 103 7.98 2.388 9.4 0.018 1.250 0.022 1.80 52.8 40.0 21.3 14.2 28.8 
5240817 524 7.00 1.119 10.2 0.009 1.500 0.018 0.40 41.9 82.0 12.8 10.7 16.9 
3243006 324 7.18 2.595 8.0 0.061 1.800 0.034 1.80 31.2 28.0 24.2 16.8 22.2 
4030703 403 8.92 1.543 20.0 0.011 2.300 0.037 0.90 71.6 28.0 20.2 37.7 43.1 
  
Appendix B: Microsoft Visual Basic Code  
Sub ModeEval() 
 
    Dim Interval As Double 
    Dim IndVar As Integer 
    Dim IndVarNm(1 To 9) As String 
    Dim Row As Integer 
    Dim n As Integer 
    Dim m As Integer 
    Dim p As Integer 
    Dim Val As Double 
    Dim EPACalc As Double 
    Dim ObolCalc As Double 
    Dim ModCalc(1 To 55) As Variant 
    Dim ModNm(1 To 55) As String 
    Dim ModCalcChk(1 To 55) As Integer 
    Dim FoundVar As Range 
    Dim FoundVar2 As Range 
    Dim FoundNum As Range 
    Dim FoundMod As Range 
    Dim Col2 As String 
    Dim CalcType As Integer 
    Dim ParamVal(1 To 9) As Double 
     
         
Sheets(3).Select 
    'IndVar = InputBox(Prompt:="What variable do you wish to investigate? Choose 1-
13") + 1 
    'IndVarNm = Cells(IndVar, 7).Text 
    CalcType = InputBox("What calculation would you like to run? 1 = All, 4 = Selective 
Calcs") 
    'Max = Cells(IndVar, 11) 
    'Min = Cells(IndVar, 10) 
    'Interval = (Max - Min) / 30 
  
                    Sheets("ICR Data").Select 
                    'collect param names 
                    n = 1 
                    m = 4 
                    Do While n <= 9 
                        IndVarNm(n) = Cells(m, n + 2) 
                        n = n + 1 
                    Loop 
 124 
                    'Stop 
                     
                     
                    m = 5 
                     
                     
    '************* Loop for collecting data from each event***************** 
        Do While Cells(m, 1) <> "" 
     
    'Method to collect event parameters 
                     
                    n = 1 
                    Do While n <= 9 
                        ParamVal(n) = Cells(m, n + 2) 
                        n = n + 1 
                    Loop 
                    'Stop 
     
    '###########Method to input event parameters ########## 
     
                    Sheets(1).Select 
                     
                        n = 1 
                        Do While n <= 9 
                            Set FoundVar = Cells.Find(What:=IndVarNm(n), After:=ActiveCell, 
LookIn:=xlFormulas, LookAt:= _ 
                            xlPart, SearchOrder:=xlByRows, SearchDirection:=xlNext, 
MatchCase:=False) 
                         
                            Set FoundNum = FoundVar.Offset(0, 2) 
                            FoundNum = ParamVal(n) 
                            n = n + 1 
                        Loop 
                        'Stop 
                        n = 1 
                        p = 1 
         
    '####### Method to grab model predictions from event ####### 
  
                    Sheets("SelectiveCalcs").Select 
                        n = 1 
                         
                        Do While n < 41 
                             ModNm(n) = Cells(1 + n, 1).Text 
                             If IsNumeric(Cells(1 + n, 1 + CalcType).Value) Then 
                             ModCalc(n) = Cells(1 + n, 1 + CalcType).Value 
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                             Else: ModCalc(n) = "" 
                             End If 
                             n = n + 1 
                         Loop 
                         'Stop 
                     
                     
                    'Print predictions on data sheet 
                    n = 1 
                    Sheets("ICR Data").Select 
                        Do While n < 41 
                            Set FoundMod = Cells.Find(What:=ModNm(n), After:=ActiveCell, 
LookIn:=xlFormulas, LookAt:= _ 
                            xlPart, SearchOrder:=xlByRows, SearchDirection:=xlNext, 
MatchCase:=False) 
                            p = FoundMod.Column 
                            Cells(m, p) = ModCalc(n) 
                            
                        n = n + 1 
                        Loop 
                        'Stop 
                     
        m = m + 1 
        Loop 
Skip: 
 
End Sub 
